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A WORD TO YOU

Don’t do anything until you have read this book!

I might qualify the above statement by saying
that if you are an amateur it will pay you to scan
the following pages before you try to do mechanical
things.

The idea I have tried to carry out is to parallel
the case of the locomotive engineer. You know, of
course, that he did not build the engine he drives
but he knows every part of it, exactly how it works,
how to run it to get the most power, or speed, or
both, out of it with the highest fuel economy and,
further, if he should have a breakdown on the road
he knows just how to make whatever repairs are
needed to go on with his run.

I have presupposed that you know how to use
ordinary tools (though I have explained the mode
of operation of a few that relate to the art of meas-
uring) and I have not told how to make the various
devices and machines described but what I have
gone into is how things are constructed, how to make
simple calculations to get the result you want, how
the machine works, how to run it to get the most
light, heat or power out of it at the least cost for
fuel, upkeep and expenditure of labor, how to repair

vii



A WORD TO YOU

it when something happens, and, lastly, how to
buy it.

A further purpose of this book is to tell about the
kinds of materials that are used in building and the
appliances that are employed in operating a home
or a farm so that if you are a householder or a hus-
bandman you can enjoy all the benefits of the elec-
trical and mechanical arts known that make for the
comfort, convenience, economy and safety of your-
self and family and so make life worth living.

A. Freperick CoLLINS.
600 Riverside Drive,
New York City.
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THE
AMATEUR MECHANIC

CHAPTER 1
RULES AND TOOLS FOR MEASURING

All tools for measuring may be divided into two
classes, and these are (1) rules and tnstrumenis for
making actual measurements, and (2) gauges for
testing and comparing.

A rule is simply a strip of wood, or metal, or other
material, having a straight edge and whose surface is
graduated into inches or cenftmeters® and fractions
thereof. This graduated surface is called a scale,
and sometimes the rule itself is spoken of as a scale.

A Carpenter’s Boxwood Rule.—Carpenters’
rules are not all made alike, for some are 1 foot-4 fold,
some are 2 foot-2 fold, those in general use are 2 foot-
4 fold, others are 3 foot-4 fold and, finally, there are
4 foot-4 fold rules.

But a regular carpenter’s rule is taken to mean a
8 foot-4 fold boxwood rule, the scales being divided
into eighths, tenths, twelfths and sixteenths of an

1 A unit of lineal measurement used in the Metric System.

1
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inch. To measure closely, turn the rule on its edge
so that the graduated lines set against the board or
whatever it is you are measuring. A rule of this
kind is shown at A in Fig. 1.

The Triangular Boxwood Rule and Scale.—If
you are making machine or architectural drawings
you should by all means have one of these scales, for
with it you can draw fo scale, or get the actual di-
mensions from drawings that have been made to

- scale, both easily and quickly.

This rule, which is shown at B, has, as you will
see, three sides and each side has two surfaces, mak-
ing siz surfaces in all. On one of these surfaces
there is an ordinary twelve-inch scale graduated in
inches and a different scale is graduated on each end
of the other five surfaces, thus making eleven scales
all told. These other ten scales are graduated to 3%,
%, % 4, 8,4, 1,1, 13 and 3 inches to the foot.

To Learn the Rule.—Lay it on the table with the
twelve-inch scale away from you, just as though you
were going to draw a line and so that it reads from
0 on the left to 12 on the right. Now turn the rule
toward you until the next side is uppermost, and you
will see that the upper left-hand scale reads to § of
an inch toward the right, and that the upper right-
hand scale reads to § of an inch toward the left.

The lower left-hand scale, you will observe, reads

‘to 3 inches toward the right, and that the lower

right-hand scale reads to 1} inches toward the left.
You will also note that the left-hand upper and lower
5 ;
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scales are just twice as long as their respective right-
hand scales.

Further at the beginning of each scale there is a
space marked into either 12 or 24 smaller spaces.
These spaces represent 1 foot, or 12 inches, and each
space represents } inch when there are 24 of them,
’or 1 inch when there are 12 of them.

How to Use the Rule.—Now suppose you are
drawing the plans far a drawer and that you want
your plan when it is done to be § as large as the
drawer will really be, that is, you want your plans
drawn to a scale so that # inch will equal 1 inch.

If the drawer is to be 74 inches wide and you
drew it with an ordinary rule, you would have to
multiply § by 73 and the product will tell you
that you must measure off $§ inches or forty-five v%
inch spaces from the end. And you would do this
two or three times over, because you would be the
exception if you didn’t lose count of them.

By using the triangular rule you do away with
all this bother, for, if in the drawing you are mak-
ing § inch equals 1 inch and the width is 73 inches,
you simply use the scale marked § inch and mark
off 74 spaces. Or if your drawing is to a scale of
# inch to 1 foot you start at the 0 end of the § inch
scale and measure off 7 big spaces to the left; next
measure off 6 of the small spaces to the right of
0, since each of these represents 1 inch and since 6
inches equals # a foot; and thus you have measured
off 73 feet with the scale where £ equals 1 foot.

: 4
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In the same way you can use any scale on the
rule and make working drawings to any scale within
its limitations and without any calculation whatever.
The chief thing to remember is that each of these
scales starts off with a space divided into 12 parts
or 24 parts depending on the size of the scale and
whether this space represents 1 foot and the smaller
spaces } an inch or 1 inch, as the case may be. A
rule of this kind can be bought 2 for as little as sixty
cents.

A Pattern Maker’s Shrinkage Rule.—When a
casting is made the metal shrinks on cooling, and to
allow for this shrinkage the pattern must be made a
little larger than the casting is to be.

A shrinkage rule, see C, is graduated to allow for
the shrinkage of the metal you are using. The spac-
* ing of the graduations is used to measure the patterns
you are making, while the figures on the graduations
show the actual size the castings will be.

The Use of Flexible Rules.—Rules made of
cardboard, celluloid, thin steel and wood are useful
for measuring curved surfaces.

Cardboard rules can be bought ® for a couple of
cents each; c2lluloid rules 6 inches long can be had
for five cents each, and very thin spring-tempered
rules for machinists * can be purchased in any lengths

* Triangular boxwood rules can be bought of the L. E.
Knott Apparatus Co., Boston, Mass., and also of Keuffel and
Esser Co., 127 Fulton St., New York.

*The L. E. Knott Aspara.tus Co. sells these.

¢These rules are sold by Hammacher, Schlemmer and Co.,
Fourth Ave. and 13th St., New York.
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veyor and engineer and you ought to have one in your
kit of tools.

An ordinary tape measure, see A in Fig. 2, con-
sists of a thin, flexible steel tape from  to § inch
wide and from 25 to 100 feet long; it is graduated
on one side into feet, inches and eighths and is fitted
into a hard leather case. The tape can be reeled up
by a handle which folds in flush with the side of
the case.

The Roe tape measure has a right angle attachment
which permits it to be used quickly and accurately
for laying out right angles as shown at B. It is
based on the well-known trigonometrical formula that
a triangle whose sides measure 6, 8 and 10 feet makes L.
a right angle. Hence, by using this tape measure
you can get a perfect right angle without a surveying
instrument or tools or help of any kind.

The Carpenter’s Steel Square.—The ordinary
carpender’s square, or steel square, or framing square,
as it is variously called, is used not only as a rule, a
straight edge and a try square in building construc-
tion but also for laying out octagons, or 8 squares, —
as they are called, finding the square feet in boards,
or board measure as it is termed, finding the lengths
and cuts of braces and also of common, hip, valley
and jack rafters for different pitches of roofs.

The ordinary steel square is formed of two parts
though these are usually made of one piece of steel
about % of an inch thick and which set at right angles
to each other as shown at A in Fig. 3. The long

7
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The side of the square with the maker’s name
stamped on it is called its face and the other and op- 27~
posite side is called its back. It is usually divided
into 1¥v, ¥y, 1%, 75, ¥v and } inch scale divisions.

Laying Out an Octagon or 8-S8quare.—Along /
the middle of the tongue of the square you will find

CUT BRACE FROM TABLE
OF BRACE LENGTHS

Fi1c. 3B.—UsSING THE STEEL SQUARE

a scale for drawing octagons, or 8-squares, as shown
at B in Fig. 3.

To draw an octagon you must first draw a squarc;“
which is just large enough to contain the sized octagon
you are going to make. Having drawn your square,
bisect it, that is, find the middle of each side of it
with your dividers, as at (a) which is the middle
point.

Next teke your dividers and, using the 8-square

9 .
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/:cale of the square, set them to as many spaces of

. ——

\

i

the scale as there are inches in any one side of the
square you have drawn. Lay this distance off on
both sides of each middle point, as shown at B 1,
2,8,4,5 6,7 and 8. Then connect these points
with lines starting at 1 and drawing to 2, from 2 to

:'. 3, and so on until the octagon is complete.

You will observe that it is the 8-square scale on the

vsquare and not the square itself that is the important

ind marked on a rule would serve the purpose just

well.

The Brace Measure Table.—Along the center of
the back of the tongue of your square you will find a
table of numbers and you will see that there are two
numbers, one above the other, which are equal and one
number to the left of them.

The purpose of this table is to make it possible
for a carpenter to instantly determine the length of
a brace when its ends are to be fixed at equal distances
from the intersecting post, beam, shelf, wall or any
other like construction. ,

- The table is used like this: Suppose that you have
a shelf you want to fix to the wall with a pair of
braces, and that you want to have each end of each
brace 9 inches from the point where the wall and the
shelf intersect each other. Look at the table and
you will see that after the set of number 9 the number
12.72 is just to the left of it.

This number—12.72—is the length in inches, then,

10
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that you must make the short side of the brace, so
cut a piece of wood a little longer than 12.72 inches
—say 15 inches—if the brace is to be made 12.72
inches on one side. Now put it in your miter box
and cut off each end at an angle of 45 degrees, when
it will just fit into the corner with each end 9 inches
away from the intersection of the shelf and wall, as
shown at C.

This table is based on the same trigonometrical
relations between the lengths of the sides of a right
triangle as that described under the caption of Tape
Measures.

The Essex Board Measure Table.—The term
board measure means the number of square feet in a
board 1 inch thick. A board 2 inches thick will
have twice as many board feet in it as a board 1 inch
thick, and so on.

Of course a board 12 inches wide will have as
many feet in it as it is feet long and you don’t have
to do any figuring to know the answer. But if the
board is more or less than 12 inches wide you will
have to make a small calculation to find the board
feet in it. If, for instance, the board is 8 inches
wide and 10 feet long, to figure out the board feet
you will have to find the number of square inches in
it first and then divide the product by 144.

But if you use the Essex board measure table on
the square you can instantly find the number of board
feet in a board without any calculation. The start-
ing point in this table is always the figure 12. If,

11
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now; you want to find the board feet in a board 8
inches wide and 10 feet long, simply follow the
graduated line on the left of the table down to the
figure 10, then follow the cross line toward the left
to 8, and you will find that the number under 8 is 6;
you will also see that 6 is to the left of the cross line
and 8 is to the right, which means that there is 6
feet and 1% inches, board measure, in the board.

But if the board is wider than 12 inches, then you
follow the cross line toward the right to the number
representing the length of the board you want to
measure. If the board is 2 inches, multiply the
result you get by 2, which will give you the board
measure for that thickness.

The Rafter Framing Table.—On the back of a
good steel square you will find a table of numbers
marked between the scales of inches on the tongue.

With this table you can find the lengths for rafters
of known rise and run for a given pitch. The rise
of a rafter is the vertical height from its ridge end
to a horizontal line on a level with its foot.

The run of a rafter is the reach in length from the
outside edge of its foot to a point exactly under its
ridge end on a horizontal line level with its foot.
The pitch of a rafter is the ratio of the rise to twice
the run, which is usually equal to the width of the
building.

Now, if you will look at the left of the table you
will see a series of figures, thus:

12
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PITCH
12—4 1/6
12—6 1/4
12—8 1/3
12—10 5/12
12—12 1/2
12—15 5/8
12—18 3/4

These numbers are the common pifches at which
rafters are set. Now if your rafter is to be set at
such a slant that for every horizontal foot of run, or
12 inches, it rises 4 inches vertically, then the pitch,
or slant, of the rafter is }.

Let’s suppose you have a rafter with a known
pitch of 4 and a run of 4 feet and you want to find
the length. Follow the horizontal line on the table
on your square from } until you come under the 4
on the inches scale at the top of the table, and the
number you find under 4 will be the length of the
rafter needed, thus:

3 4
Ptah | |
12— | 1/64 2|7

Hence, for a rafter having a pitch of § and a run
of 4 feet, the required length will be 4 feet, 2 inches
and vy of an inch. The first number 4 represents
the feet, the second inches and the third twelfths of
an inch. In the same way you will see that a rafter

13
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having a } pitch and a run of 20 feet will be 24" 0

" or 24 feet and 4 inch.

The Vernier.—It is easy to measure small frac-
tions of an inch with the vernier which cannot be
measured at all with an ordinary rule.

The vernier, as shown at A, in Fig. 4, consists of

' BLADE VERNIER

JAWS
A VERNIER THE VERNIERS
HOW THE VERNIER y/-/
s R CALIPER

c . .
MICROMETER VERNIER
READING TO /0,000 25
OF AN INCH
F16. 4—THE VIRNIER

a short rule the scale of which slides against the
scale of an ordinary rule. Because the scale divisions
of the vernier and rules are of different widths, it is
possible to read very small parts of the spaces with
a good deal of accuracy. [t is called a vernier after
Pierre Vernier, the French mathematician, who in-
vented it.
14
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The principle on which the vernier works is this:
First the scale of the ordinary rule is divided, let’s
say, into 10ths of an inch, and that the vernier is 1
inch long and is divided into 9ths of an inch—that
is, it has ome less scale division or space to the
inch than the rule it slides against.

Now when the end lines of both the scales of the
vernier and the rule meet, that is, when they are in
a line with each other, the 10th line on the vernier
will exactly coincide with the 9th line on the rule.

If, now, you slide the vernier toward the right
8o that the first lines on the vernier and rule meet,
the vernier will have moved exactly v of a scale
division or space, which is y{v of an inch, for this is
the difference between the two scales. By sliding
the vernier over until the second lines meet, it will
have moved 1% of a scale division, or 1§s of an inch,
or g% of an inch, and so on. Verniers are put on
and used with various measuring tools, such as
calipers, protractors, etc.

The Vernier Caliper.—The vernier cahper
shown at B is made to take inside as well asout-
side measurements. It is graduated on the front to
read, by means of the vernier, to 1000ths of an inch
and on the back to 64ths of an inch.

How to Read a Vernier Caliper.—There are three
chief makes of vernier calipers, and these are (1)
the Brown and Sharp, (2) the Starrett and (3)
the Columbia Pattern.

On either of the first two makes of calipers the

15
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" scale of the tool is graduated to 40ths, that is, in
.025 (4% ) of an inch, and every fourth division,
which is y3§+ of an inch, is numbered.

On the vernier plate there is a space divided into
25 parts, and these are numbered 0, 5, 10, 15, 20 and
25. These 25 divisions on the vernier take up exact-
ly the same space as the 24 divisions on the scale of
the rule. This makes the difference between the .
width of one of the 25 spaces on the vernier and one
of the 24 spaces on the scale ¥k of 7% or y¥%w of an
inch.
If now the vernier is set so that the 0 line on the
vernier coincides with the 0 line on the rule, the
next two lines will be yv¥s of an inch apart, the next
two lines will be 1g%v of an inch apart, and so on.

To read the caliper after having made a measure-
ment, see how many inches, ¥s (or .100) and-
¥ (or .025), the 0 mark on the vernier is from
the 0 mark on the rule, and then count the number
of divisions on the vernier from O to ~ line which
exactly coincides with a line on the &~

In the picture shown at C the ver ‘a8 i -
moved to the right 1 y% and 7% inches, o
as the 11th line on the vernier coincides - “
on the rule. y}dv of an inch must in consequence
be added to the reading on the scale of the rule and
the total reading is therefore 1.436 inches, which is -
the distance the jaws of the caliper have been opened.

The Micrometer Caliper.—The Micrometer cali-
per, or just micrometer for short, is a little tool which

16
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will measure very accurately from 0 to 1 inch in
thousandths or even ten-thousandths of an inch.

A micrometer is formed of (1) a frame to which is
fixed (2) the anvil and through which (3) the spindle
passes; the spindle is fastened to (4) the thimble
and these turn in (5) the sleeve, as shown at A in
Fig. 5.

How to Read a Micrometer—To measure the
thickness of a sheet of paper or anything else, put
it between the anvil and the end of the spindle and
hold the frame with your left hand. Now turn the
thimble with your right hand and since the spindle
is fixed to the thimble it of course turns with it.
This makes it move through the nut in the frame
and toward or away from the anvil.

The distance between the opposed surfaces of the
anvil and the spindle is shown by the linés and figures
on the sleeve and the thimble, and these tell the thick-
ness of the thing you have measured.

.The pitch pf the screw threads on the inside part
;.%tuu epmﬂk,h iich serews through the nut, is 40
tarthR inch; gpe complete turn of the spindle, there-
fosrmoves it . vp or down 1%, or 1dfs, of an inch.
The sleava,d s marked with 40 lines to the inch and
these corregpond to the number of threads on the
spindle. -

‘When the end of the spindle rests on the anvil the
graduated edge of the thimble is exactly even with the
line marked O on the sleeve and the O line on the
thimble tallies with the horizontal line on the sleeve.

* 17
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Now if you will open the micrometer by giving the
thimble one full turn, or until the 0 line on the thim-
ble again coincides with the horizontal line on the
sleeve, the distance between the anvil and the sleeve
is then 7% of an inch, or .025 of an inch, and the
graduated edge of the thimble will coincide with the
second vertical line on the sleeve.

Each vertical line on the sleeve indicates a dis-
tance of 7% of an inch; every fourth line is made

VERNIER

MICROMETER WITH

VERNIER RERDING

70 /0.00074s OF
AN INCH

F16. 5.—THE MICROMETER

longer than the others and is numbered 0, 1, 2, 3,
ete., and each line so numbered indicates a distance
of four times ¢% of an inch or 1%,

The graduated edge of the thimble is marked in
25 divisions with every fifth line numbered from 0
to 25. When you turn the thimble from one of
these marks to the next, you move the spindle up or
down % of 13§y or the yvyw part of an inch. By
turning it two divisions it shows two 1v'%w, ete., while
25 divisions shows one complete turn or .025 of an
inch, or 7% of an inch.

18
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Gauges for Testing and Comparing.—Gauges
for every purpose to facilitate or to make more aocu-
rate the wprk of the mechanic can be bought at almost
any hardware store. If you cannot get what you
want, write Hammacher, Schlemmer & Co., Fourth
Avenue and 13th Street, New York, and they will
most likely be able to supply you with the tool you
need.

One of the most common and useful gauges is the
carpenter’s or mason’s level, shown at A in Fig. 6.
When you are putting in a foundation for either a
building or for machinery, the first thing to do is to
find whether the top of it is level. This is done with
a level; and to ascertain whether the side of the wall
is plumb, an upright level, or plumb, must be used.

A spirit level consists of a sealed glass tube nearly
filled with alcohol and having a bubble floating in
it, a8 shown at B. This plumb glass, as it is called,
is set in a stock, or length of wood, when the whole
device is‘called a level. When the level is laid on
a level surface the bubble will be in the middle of
the glass, but if the surface is not level the bubble
will flow to one end or the other to indicate it.

Levels are usually made with two plumb glasses,
one in the upper edge and one in the top of and at
right angles to it, so that it can be used to find if
the side of a wall, as well as the top of it, is level.
A few of the more common gauges used by machinists
are shown in Fig. 7.

The Protractor.—To find any angle or to plot one

20
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eperation the area of any flat figure, however irregu-
lar the boundary line of it may be and drawn to what-
ever scale, such as a plot of ground, plans, indicator
diagrams, etc., can be easily and quickly measured.

The area of the plane figure is measured by mere-
ly tracing the outline with the tracing point and
figuring the result from the reading on the graduated
wheel. This wheel is divided into 100 parts, each
of which represents vy of a square inch, and each
10th can be read down to 100ths by the vernier on
the instrument.

The simplest and cheapest planimeter measures up
to 10 square inches and costs about $15. It can be
bought of Keuffel and Esser, 101 Fulton Street, New
York, or of the L. E. Knott Apparatus Company,
Boston, Mass.



CHAPTER II

WHEN YOU BUILD YOUR HOUSE""‘

You will find it a money saving deal to know
something about building materials and how to choose
and use them before you start in to build a house,
or even a chicken coop. : -

Without such a working knowledge it is easy to
pay high prices for poor grades and to use costly
materials where cheaper kinds will do just as well.
This is equally true whether you are gding to do
the job yourself or to hire someone to 4%t for you.

Comparative Cost of Buildings.—There are
many kinds of materials used for building purposes,
but the five chief ones are (1) wood; (2) brick; (3)
stone; (4) stucco; and (5) concrete.

TABLE
Kind of Building ' Cost
Wood....oooviiiiiiiiiiiiiiieenes $5,000
Brick........ooiiiiiiiiiiiiiiiee 5,676
Stucco......ooviiiiiiiiiiiiiiiene., 5,100
Concrete built with forms............ 5,600
Concrete built of blocks.............. 4,200
Stone....c..ooviiiiiiiia 5,600
Rubble............vvvviiiiiin.... 5,500
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The comparative cost of buildings in which these
materials are used varies in different localities, but
the above table will serve to show them approxi-
mately.

Kinds of Materials to Use.—Where ordinary
buildings are put up, the piling, if it is used, can be
of wood or concrete. For basement walls to the first
floor level, plank, brick, rubble, stone, concrete or
hollow tile can be used.

Walls are built of wood, brick, stone, stucco, con-
crete, and occasionally of tile. Chitmneys can be
laid up of brick or built of concrete. All kinds of
material, such as wood, asphalt and asbestos shingles,
tin, galvanized iron, copper and zine, slate and tile,
are used for roofing.

Floors can be made of wood, concrete, tile, mosaic,
rubber or pulp. The outside trim, such as doors and
finish, windows and finish, pillars and turned work
in general, and the inside finish, such as stairs, rail-
ings, ceiling beams, mantels, paneling, etc., all come
under the head of mill work and can be bought ready
made cheaper than you or a carpenter could possibly
make them. They are far better, too, when bought.

Builders’ hardware includes all kinds of hardware
used on a building, and, finally, for plastering, wood
and metal lath are used.

Now about Lumber.— When the Tree is Felled.
—The word ¢imber is used to mean both growing trees
and cut trees and squared and sawed wood of the
larger sizes, while the word lumber is taken to mean
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timber which has been sawed into scamntlings and
boards.

When a tree is sawed down, if you will look at
the end of it, you will see in the center a little dot
or circle, and this is called the pith of it. Around
the pith there is a series of concentric rings called
annual rings. The number of them shows the age
of the tree, since there is a ring for every year of

HERRT WoOD
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Fi16. 10.—Cross SkctioN View oF Tree SHOWING MEDUL-
LARY RAYys AND ANNUAL Rings

growth. Naturally, the size of the tree depends on
the number of rings.

The wood next to the pith is called the heartwood,
then comes the sapwood and finally the bark. The
medullary rays are the lines that extend radially from
the center to the circumference and all of which are
- shown in the cross section view, Fig. 10.

The Way Wood Is Seasoned.—When a tree is
growing there is a large amount of sap in it. Since
this is formed chiefly of water, when the tree is felled
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the water still remains in it. Before it can be used
for building, the water must be dried out of it to
some extent, and this process is called seasoning.

The two usual ways of getting rid of the water
are by (1) natural seasoning and (2) hot atr season-
tng. If after the rough work has been done on a
building it is left for a while before finishing, it
dries out still more, and this is called second sea-
soning.

Natural Seasoning.—The natural way of season-
ing lumber is the best way, but it takes a long time.
It is done by piling it up so that the air can pass
freely all around each piece. When you buy lum-
ber for outside use, be sure to get it seasoned by this
process.

Hot Air Seasoning.—This is the artificial method
and, while it is quickly done, it is not nearly as good
as natural seasoning. It consists of putting the lum-
ber in a drying room, that is, a room which is kept
hot by means of steam pipes. Wood seasoned in
this way is very apt to shrink or swell with the
changes of the weather. Hence it should never be
used except for inside work.

How to Tell Good Lumber.—Trees have their
diseases and parasites as well as human beings and
in buying lumber, as in every day life, you must look
out for them.

Lumber for building should be straight grained,
be clear, that is, without knots, and be free from
sap. You can always tell good lumber by its sweet

28






THE AMATEUR MECHANIC

ing from shrinking, it should be cut so that the an-
nual rings run in the same direction as the long end
of the board, as shown at A in Fig. 11,

‘Where beams are used for stills, as the horizontal
members which form the foundation of the building
are called and on which the weight of the building
rests, the beam will be stronger if it is laid with the
annual rings horizontal, as shown at B. Flooring
is less apt to shrink and will wear better if you can
get it so that its annual rings are perpendicular to
the surface, as shown at C.

The Frame of a Building.—The sills of a build:
ing are the horizontal timbers that form the founda-
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F16. 12.—TuE FraAME oF A BumpiNg

tion on which the frame rests; the studding is the

v joistxr upright posts in the frame; the raffers are

the Beams that give the slope to a roof, while the
30
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TABLE

Order of Relative Costs w&%&fm
Hemlock is cheapest.............. 2.08
Spruce.........cciieiiieiiiann.n 2.30

ellowpine...................... 3.17
White pine..............cc.ouennn 2.30
North Carolina pine
Beech........coovvvvinnnnnnn..
Chestnut........................ 3.12
Maple..........coieieeeiennnns
(C)XEress ......................... 3.1

............................ 4.15

Cedarcostsmost................. 2.97

For the sills use spruce or hemlock.

For the studding use pine or hemlock.

For the rafters uwse pine.

For the clapboards use North Carolina pine.

For the shingles get cedar, if possible.

And for finishing use yellow pine, spruce, cypress,
maple, chestnut or oak, and use cedar for lining
closets, if it does mot hit your pocketbook too hard.

How to Preserve Wood.—To make wood last as
long as possible it must be (1) thoroughly seasoned,
(2) entirely free from cracks, or shakes as they are
called, and (3) protected by sonte kind of a preserva-
tive.

There is never very much deterioration of inside
woodwork, but it can be painted, oiled or varnished
to advantage since, when it is so treated, it is more
sanitary and sometimes more artistic.

As for outside woodwork on a building, the best
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way to preserve it is to paint it. The best kind of
paint i8 made of pure white lead and boiled linseed
oil. Where wood is to be set in the ground, as
posts, piles and flag poles, the ends can be tarred,
charred or creosoted. Tarring and creosoting are
simple processes, for the wood needs only to be dipped
into the former and soaked in the latter while it is
hot. Charring is done by covering the end of the
wood with charcoal and burning it. e

Bricks and Brickwork.—A brick is a piece of
molded clay which is dried in the sun and then
burned in a kiln. Bricks come in two colors, red
and white. The color of red bricks is caused by iron
compounds in the clay, while light-colored bricks are
made from clay which is practically free from iron.

Kinds of Bricks.—Bricks ean be divided into two
general classes, and these are (1) stock or kiln-run
bricks, which are hard enough for the outside of
buildings, and (2) soft or salmon bricks, which are
-used only for backing up and filling in.

There are a dozen grades of brick of the first kind
and among these are (a) common molded, (b)
pressed and (c) enameled bricks. There are half
a dozen grades of the second kind and among these
are common, soft and salmon brick.

The size of a standard brick in the United States
is 2 x 4 x 8} inches and its weight is about 43 pounds.

1For wood preservatives write the Carbolineum Wood Pre-

serving Co., 36 Greene Street, New York, or the Lyster Chemical
Co., 61 Broadway, New York,
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There are 66 cubic inches in a brick and, hence, it
takes 26.2 bricks to make a cubic foot.

Bricks are very porous. A common brick will
absorb as much as } of its weight of water; but a
really good brick should not absorb more than +¥
of its weight of water. To test a brick for porosity,
weigh it, then let it soak in water over night and
weigh it again. The difference in the weights will
give the weight of the water absorbed.

Mortar for Brickwork.—In laying up a brick wall
or chimney, the bricks are held together with a ce-
ment called mortar, which is made of slaked lime and
sand.

Lime, or more properly quicklime, is a substance
whose chemical name is calctum ozide. When it is
mixed with water it generates a lot of heat and
changes into calctum hydroxide. This process is
known as slaking.

Sand is then mixed with it and the mortar thus
made slowly absorbs carbon diozide from the air
which, acting on the calcium hydrozide, forms cal-
ctum carbonate, or limestone, and when the water
dries out it becomes very hard. The purpose of the
sand is to make the mortar porous so that the carbon
dioxide can mix with it and it also prevents the mor-
tar from cracking when it gets -hard.

Plaster for Walls.—Plaster is simply mortar.’
Three different kinds of it are used for walls, and
these are (1) coarse stuff, (2) fine stuff and (3)

gauged stuff.
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side of the wall is plumb an upright level or a plumb
must be used. The construction of the level will be
found in Chapter I. How to make square corners
is also shown under the caption of Tape Measures
in Chapter L
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F16. 13.—Kinps or Boxps Usep IN LaviNG Bricks

Measuring Brickwork.—The thickness of a brick
wall is the number of bricks or half-bricks that it is
built of. Brickwork is estimated by the thousand.
The term superficial foot is used by masons and
means square feet of surface. Walls of various
thicknesses run like this:

TABLE

Thickness of Wall | Number of Brioks Thick | Nugber of Bricks per

814 inches 1 14
1234 1% 21
17 2 28
2114 214 35
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work depends largely on the mortar that is used,
it is better to use a Portland cement mortar than a
mortar made of lime. A good cement mortar can
be made by mixing 1 bag of Portland cement and 2
or 3 cubic feet of sand with enough water to give
it the right consistency. This will make from 2.1
to 2.8 cubic feet of mortar.

Measuring Stonework.—The unit by which stone-
work is measured is the perch, which is equal to 24%
cubic feet. All openings less than 3 feet are counted
ag solid and all openings over 3 feet are subtracted
from the walls measured, while for each jamb you
add 18 inches to the linear measure.

Corners of buildings must be measured twice; pil-
lars are figured by adding up three sides linear and
then multiplying the sum by its fourth side and
depth. The usual method of measuring foundations
and sizes of stone is by the cubic foot. Base courses
and water tables are measured by lineal feet; sills
and ashlar are measured by superficial feet.

Stucco for Buildings.—Stucco is simply a mor-
tar made of Portland cement, sand, lime and water
and when rightly made it is enduring as the ages. It
is used as a plaster for the outside walls of build-
ings and makes a beautiful fire-resisting structure
built at a low cost and with no expense for upkeep.

Ways of Using Stucco.—There are three ways of
applying stucco and these are (1) on wood sheathing,
(2) on ribbed metal lath and (3) on brick, stone,
tile and cement blocks. Where sheathing is used it
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is covered with sheathing paper, then furring strips
are put on upright over it, and either wood or ordi-
nary metal lath is nailed across the furring strips, as
shown at A and B in Fig. 15.

Where sheathing is not used, ribbed metal lath is
nailed on the studding direct, with the ribs inward,
and the stucco is plastered on both the front and
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F1g. 15—How Srtuoco 18 Pur ON

back of it until it is about 2 inches thick. When it
sets you will have a wall as hard as adamant of reén-
‘forced Portland cement mortar. The tools needed
are shown in Fig. 16. Brick, stone, tile or cement
can also be given a coat of stucco, but the surface
must be rough enough to make it key, that is to stick
tight.

Putting on Stucco Mortar.—Three coats of stucco
mortar must be puf on to make a good job. The first
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coat, which is put on the face of the lath, and the
second coat, which is put on the back of the lath,
should each be £ inch thick, while the last and finish-
ing coat should be } inch: thick.

When stucco is put on ribbed lath, the first front
and back coats should be from § to 4 inch thick, and
the finish coat } inch thick.

How to Make Stucco Mortar.—For the first two
coats of stucco mix 3 parts of sand with 1 part of
Portland cement by volume. For the finish coat
mix 24 parts of sand with 1 part of Portland cement
and Yy part of lime.

Use a water-tight platform to mix the stucco on
so that, after you have the right amount of water
for mixing, it will not leak away. Sometimes hair
or fiber is used for the first coat of stucco, as in
ordinary mortar. If either is used, it is mixed in
after the mortar is made. Mix the mortar until it
is smooth and is of the same color throughout.?

Building with Concrete.—Concrete is your
building material, by which I mean that you can
build any ordinary structure of it with the help of
common labor.

It is timeproof, waterproof and fireproof and,
though it costs a little more than wood in the first
place, it does not cost anything for paint and re-
pairs after it is built. It is different from brick

*If you are interested in building a stucco home, a garage
or a barn, write the Atlas Portland Cement Co., 30 Broad
Street, New York, and they will send you plans and specifica-
tions without cost.
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and stone in that you can always get the materials
to make concrete wherever you live.

What Concrete Is.—Concrete is made up of four
materials and these are (1) Portland cement, (2)
sand, (8) stone or gravel and (4) water. It is called
Portland cement because it is about the same color
as the limestone quarried on the Isle of Portland,
England.

It is made by heating limestone, clay and sand, or
blast furnace slag, until they are changed into a
powder and when this is mixed with water it will
set hard and water will not affect it in any way.
Portland cement is manufactured in great mills
where it is packed in bags which hold about 1 cubie
foot each. It is then shipped to the four quarters
of the globe, so you will have no trouble in buying
it wherever you are.

Materials for Concrete.—T'esting Portland Ce-
ment.—Before the cement is used it must be kept
perfectly dry or it will absorb moisture and get hard.

Sometimes when bags of cement are piled on each
other, the cement will cake, but this does not injure
it in any way. To test cement that is lumpy, pinch
a piece of it between your fingers and see if it will
break up; if it will not, it is useless for concrete.

Testing Sand.—Sand, or fine aggregate, as it is
called, must not have any loam, clay or other impuri-
ties in it. The particles that form it must not be
too large to pass through a sieve with } inch meshes.

To test sand for impurities, take a little while it
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crete is made can be mixed either (1) by hand, or
(2) by machine. It should be mixed close to the
place where you are going to use it; otherwise it will
set before you can place it. For ordinary work- it
should be about as thick as jelly, and it should be
mixed just as mortar is.

Placing Concrete.—There are two ways to use
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concrete for building and these are (1) to mold it
in forms, and (2) to cast it in blocks.

To make a form for a wall, build up two sides of
boards 1 inch thick and brace them so that the space
between them is as thick as you want the wall, as
shown at A in Fig. 17. The way to make forms for
a pier and for steps is shown at B and C.

Rub soap or crude oil on the inside of the form
and pour the concrete mixture into it. It will take
from two days to a week for the concrete to set hard
and then you can take off the form.

Concrete blocks, as shown in Fig. 18, are molded
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while you are doing it. Designs for forms of all
kinds can be had for the asking by writing to the

PLAIN BLOCK TOOLED MARGIN
DESIGN
BUSH HAMMERED
DESIGHN COBBLE STONE
DESIGN

Fig. 18—Some CoNcrRETE BLock DEsignNs

Atlas Portland Cement Company, 30 Broad Street,
New York.



CHAPTER III
A WATER SYSTEM FOR YOUR PLACE

In these days of power and pumps, the scheme of
carrying water from a well to supply the kitchen and
of taking a bath in a washtub on Saturday night is
as out-of-date and about twice as barbarous as eook-
ing in a fireplace.

But however or wherever the water comes from,
disease germs are more than likely to be carried by
it, and as it is your first duty to safeguard the health
of your home you must know to a certainty that the
water supply is absolutely pure.

Kinds of Water Supplies.—There are three
kinds of water supplies, or places from which to get
water, and these are (1) surface, (2) shallow under-
ground and (3) deep underground supplies.

The surface supplies are the ponds, streams, rivers
and cisterns and all of these are very apt to be
polluted with disease germs. This untoward con-
dition is largely due to contamination from sewage,
that is, the sewage is either emptied into them or
else seeps into them from nearby sources. What-

ever you do, don’t use water from a surface supply
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for drinking, or cooking, or even washing dishes,
unless it has been thoroughly purified first.

The water of shallow wells is also often disease
bearing, but deep wells are very seldom so. In any
event, remember that water which looks perfectly
clear may have disease germs in it.

How to Purify Water.—By Boiling.—A simple
and sure way to get rid of all the germs in water is
to boil it; but it is not enough to merely bring the
water to a boil, for a typhoid germ is as immune to
heat as an asbestos cat. Boiling the water for 15
minutes or so will kill most of the germs, but to be
sure that all of them are killed the water must be
boiled twice. '

By Filtration.—A great deal of impure matter in
water can be removed from it by fillering, that is,
by straining it through some kind of porous material.
Filters that are made to screw on to the faucet re-
move some of the impurities, but most of the germs
go on through.

Filters made of charcoal, sand and gravel ! remove
nearly all the impurities, but still some of the germs
get through. By adding a very small amount of
alum to the water the impurities and nearly all the
germs will stick to the particles of it which then
fall to the bottom, or are precipitated, as it is called.

1 A complete description of a cheap and good filter of this ’ .
kind, with drawings, is given in my ‘‘Home Handy Book,’’
published by D. Appleton and Company, New York.
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The Pasteur filter 2 is a good one for the house-
hold. The water flows in through the top and its
weight forces it through an unglazed porcelain
cylinder, the top end of which is closed. To make
the filter effective the cylinder must be taken out

INLET

STEEL

UYGLAZED

OUTLET
Fia. 19.—THE PaAsTEUR WATER FIiuTER

every day and the mud and slime serubbed off with
a brush. Otherwise it will form a breeding place
for the germs instead of purifying the water. It
is shown in Fig. 19.
By Distillation.—To dlStlu water on a large scale
*So0ld by the Consolidated Filters Co., 136 West 65th Street,
New York.
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requires a costly apparatus, but a small stll can be
easily made that will distill enough drinking water
for the family.

The still is formed of (1) a botler holding a couple
of gallons of water, which sets on a stove, and (2)
a condenser hung from the ceiling; a pipe connects
the boiler and the condenser and carries the steam
from the former to the latter. The condenser is
made of an inverted funnel with a large pipe soldered
to the mouth of it, while around the funnel is a
vessel filled with water.

The lower end of the pipe is closed and a faucet
leads from it to a covered bucket. The construction
of the still is shown in Fig. 20.

The still should be made of heavily tinned copper,
and no solder should be used on the inside of the
seams. Now when the steam passes into.the con-
denser from the boiler, it strikes the funnel and the
cold water which surrounds it condenses it when it

trickles down the large pipe and can be drawn off -

into the bucket as it is required.

The Amount of Water Needed.—The amount
of water used will, of course, depend on the size of
the family and, if you live on a farm, on the kind
and number of stock you have.

It takes on an average of from 25 to 40 gallons
of water a day to keep each member of the family
supplied with enough to drink, to cook with and to
bathe in; hence a water supply for a family of five
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or six should have a tank, if one is used, with a
capacity of something over 200 gallons.

Where there is stock, each cow needs about 12
gallons; each horse about 10 gallons; each hog about
23 gallons; each sheep about 2 gallons, and there
must be a small surplus for the dog and the cat. If
you intend to sprinkle the lawn and the garden and
have fire protection, allowance must also be made for
an additional supply.

Schemes for a Water Supply.—There are three
schemes in general use by which you can have run-
ning water in your house and on your farm and
these are (1) the gravity system, (2) the air pres-
sure or pneumatic system and (3) the automatic
air pressure or auto-pneumatic system.

The Gravity System.—In this system the water
is pumped either by hand or power into a tank set as
high as possible; this is usually in the attic, as shown
in Fig. 21, or on the tower of a windmill. The
tank can be of wood or steel and either in the shape
of a cylinder or a rectangle. Wood tanks should be
made of cedar or cypress and these can be lined with
tinned copper, but lead must not be used.

The Air Pressure or Pneumatic 8ystem.—In
this system an air-tight steel tank is set in the base-
ment, or in an underground vault,® and it is con-
nected with the cistern or well by a force pump.

The water is then pumped into the tank against

*This keeps it cool in summer and prevents it from freez-
ing in the winter,
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the air that is in it. This compresses the air, and
the pressure set up will force the water through the
pipes to a height of a hundred feet or so. The tank
is fitted with a waler gauge and an air pressure

PRESSURE GRUGE
= |/ warer eaves

—

|

FORCE PUMP

|
I
I

Fia. 22.—TrE HyYpRO-PNEUMATIO SYSTEM

gauge,* so that you can see at a glance the amount
of water there is in the tank and what the air pres-

sure in pounds in it is. The outfit is shown in Fig.
22.

¢ A deseription of both of these gauges will be found in
Chapter V.
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The tank can be set up on end, that is, upright,
or lengthwise, that is, in a horizontal position, ac-
cording to the room you have. The size of the tank
will, as before, depend, of course, on the amount of
water needed. A 220 gallon tank is about as large
as you can use to advantage with a hand pump, and
this will supply a family of five or six, provided all
of them do not take a bath every day. In figuring
the size of the tank, allow } of the space for the com-
pressed air.

As water absorbs the compressed air in the tank,
means must be provided to supply air to the tank.
This is done either by (1) an air inlet valve in the
suction pipe of the pr.mp, (2) by using a combined
air and water pump or (3) by a separate air com-
pressor run by an engine or other motive power.

How to Figure the Capacity of a Tank.—
To find the quantity of water a cylindrical tank wrll
kold, figure it this way:

C =D, X 0.7854 X d X 7.48

where C is the capacity in gallons of the tank you
want to find,
D, is the diameter of the tank in feet squared,
0.7854 is a constant,
d is the depth of the tank in feet, and
7.48 is the number of gallons in a cubic foot.

To find the quantily of water a rectangular tank
will hold, use this formula:

C=LXWXDX 748
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reducing valve is placed in the pipe line to lower the
pressure of the air and make it flow in a steady stream
to the pump.

The pump is the chief part of the outfit and is
formed of two steel cylinders. These are connected
at the upper ends to the compressed air tank. In the
bottom of each cylinder is an inlet valve for the water

T CYLINDERA"  CYLINDER B
DISCHARGING “EXHAUSTING
WATER,  AND REFILLING

F1g. 23A.—~THE Avuto-PNEUuMATIC WATER PUMe

to flow from the well or cistern, as in any force pump.
Each cylinder is also fitted with an air exhaust valve
and, when the pump is submerged in the water, the
pipes from the exhaust valves project above the sur-
face of the water. Finally, each cylinder is con-
nected to the delivery pipe which carries the water to
the faucets. The operation of the system will be
readily understood from Fig. 23.
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When the piston is worked, the air from the pipe is
pumped out and then the air pressing on the sur-
face of the water pushes it up through the pipe and
through the lower valve into the barrel.

When the piston moves down again, the lower valve
closes and the water in the cylinder opens the piston
valve as the piston sinks below it. As the piston

ourter”

c
ALFT PUMP A FORCE PUMP’ A CENTRIFUGAL
pPurip

F1a. 24.—Kinps or Pumes

is again raised it lifts the water on top of it to the
spout, and, at the same time, the pressure of the air
forces more water up through the suction pipe.

A force pump, shown at B, is usually made with a
solid piston. The upper valve is set in the outlet
pipe which opens below the piston. When the piston
moves up, water is drawn up into the cylinder by
atmospheric pressure ; when it moves down, the valve
in the suction pipe is closed and the water is forced
through the upper valve into the discharge pipe.

When the piston is raised again, the valve in the
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outlet pipe is closed so that the water above cannot
flow back. At the same time the pressure of the
air forces more water from the well into the cylinder.

A centrifugal pump is a rotary pump, that is, it
consists of a number of curved blades fixed to and
radiating from a shaft, like the spokes of a wheel
from the hub. '

These blades slide against the sides and the inside
rim of the pump case. This prevents the water from
leaking between the blades and the case when it
is pumping. The intake water pipe is placed in or
near the center of the case and, as the water flows
into it, the swiftly revolving blades throw it out by
centrifugal force into the delivery pipe. It is shown
in cross section at C.

The Action of Pumps—The Lift Pump.—A lift
pump will only lift water effectively about 20 feet
because it depends on atmospheric pressure, and
hence the cylinder of a lift pump must not be set
higher than this distance above the level of the water
in the well or cistern.

A good way to get rid of the suction lift is to have
the cylinder close to the water, or submerge it, if
this can be done, as this keeps the pump primed all
the time. As the lift of the water above the piston
does not depend on atmospheric pressure, a pump of
this kind can be used for greater depths. Pump
cylinders are made which will go into wells as small
a8 2 inches in diameter. _

The Force Pump.—Water can be raised to any
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height by means of a force pump. The purpose of
the air chamber on a force pump is to make the water
flow in a continuous stream through the delivery pipe.

In this case, when the water is forced into the air
chamber, it covers the mouth of the delivery pipe
and, as it rises, it compresses the air that is in the
chamber. The pressure of it soon becomes great
enough to force the water through the delivery pipe
in'a steady stream.

The Centrifugal Pump.—As the blades of a cen-
trifugal pump do not fit air-tight, it is not positive
in its action, like a valve pump. It will not, there-
fore, exhaust the air from the suction line, so it must
be primed every time before it is started, no matter
how small the suction is.

To prime the pump, it must be at rest and both
the suction pipe and the pump case must be filled
with water. A small centrifugal pump will then
only lift water 10 or 15 feet, but it will deliver it
to a height of 35 feet or so.. These pumps are largely
used for pumping water to boilers in steam heating
plants.

To Prevent Pipes from Freezing.—Where a
water pipe extends above the ground or is above the
frost level, it must be protected from freezing and
this can be done with a frost box.

To make this covering build three box tubes around
the pipe, as long as the part of it you want to pro-
tect, and cover the outside of each one with tar
paper. Have an air space of 6 inches all round be-

60



A WATER SYSTEM FOR YOUR PLACE

tween the inside and the pipe and an air space of 2
inches between each of the other two boxes. Keep
the boxes separated from each other by blocks or
trimmers, and you will have a good insulation against
the cold. Ordinary pipe coverings will not keep
water pipes that are out of doors from freezing.

To prevent underground water pipes from freez-
ing, the pipes must be buried to a depth of 3 or 4
feet.

When a Water Pipe Is Frozen.—Where an ex-
posed pipe freezes, wrap woolen cloths around the
frozen part and pour hot water on it until it thaws.
If an underground pipe freezes, you will have to dig
down to it and thaw it out. If it is a large pipe,
you can do this by building a fire around it. If a
lead pipe bursts, it can be soldered, but if an iron
pipe bursts a new length of pipe will have to be put
in.

A Word on Plumbing and Sewage.— Plumb-
¢ng.—It is easy to do your own plumbing, for the days
of lead pipe with the trouble of making wiped joinis
are over; instead iron pipe in all sizes and with all
the necessary fittings can be bought ready to put
together.5

Use 1 or 1} inch pipe for the main piping to the
supply tanks. The table on the next page shows the
sizes of pipes required for various branches.

Make all joints and fittings water-tight with red

. * Write Sears, Roebuck and Co. for their catalogue on Plumb-
ing.
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TABLE

BranohufromMninPipe' Inches |Branches from Main Pipe] Inches

To basin cocks...... 14 To water closet
“ bath “ ...... 3{tol flush pipes...... 14{to1}4
“ water closet flush For kitchen sinks. .| 24 to 34
tank.......... % For pantry sinks..| 34
“ water closet flush To slop sinks...... 54 tof34
valve......... 1to 14

lead. Have a drain cock at the lowest point in the
system so that you can let out the water in cold
weather to prevent the pipes from freezing and burst-
ing. Also keep the hot water pipes far enough away
from the cold pipes to prevent an exchange of heat
between them.

Sewage.—Sewage must be disposed of by a septic
tank system. In this system the sewage empties in
an air-tight tank which is connected to a second tank
by an overflow pipe. The first tank is large enough
so that it does not overflow for about 12 hours. The
germs formed in the sewage in this air-tight tank
partly decompose it when it is discharged into the
second tank, where it undergoes a like purification.
It can then be discharged to the outside air free from
obnoxious odors.



CHAPTER 1V

A HEATING PLANT FOR YOUR HOME

There are many kinds of forces that perform
amazing feats, and one of the most active of these
is heat.

What Heat Is.—The most common way of pro-
ducing heat is by burning something, or combustion,
as it is called. Combustion is caused by chemical
action.

As an illustration take oxygen and carbon. These
two substances have a great attraction for each other,
and, if you can get a large quantity of oxygen and a
lot of carbon stored up separately, you have the means
for making a fire and hence of generating heat.

Now air is formed of 4 part by volume of oxygen,
80 you always have a supply of this gas at hand.
As coal is nearly pure carbon, you can get a supply
of this (sometimes) if you have the money. Here,
then, are your separate stores of these combustible
chemicals, and all you need to do to start the chemical
action of combustion is to ignite them.

When combustion is going on, the particles, or
molecules, as they are called, of oxygen and carbon
combine and they vibrate at a rapid rate. These
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rapid to and fro motions impinging on our sense of
feeling set up the sensation that we call heat.
What Temperature Means.—Heat and tempera-

LING
BALNE {}oo

FREEZING
POINT -

FRYMRENHEIT ' CENTIGRADE .
F1g. 25.—FAHRENHEIT AND CENTIGRADE SCALES COMPARED
ture mean two entirely different things, though they
are very closely related.
Temperature is not only the degree to which a
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body is heated but, in physics, it is defined as that
property of a body which determines the transfer of
tts heat Lo some other body.

When a body gives out heat, its temperature falls
and, conversely, when a body receives heat its tem-
perature rises. Temperature is measured by ther-
mometers, and these are graduated in different ways.
On all of them, however, there are two fixed points,
namely, (1) the freezing point and (2) the boiling
poind.

The Fahrenheit thermometer scale is the one used
in this country for all ordinary temperature measure-
ments and the centigrade scale is used for all scien-
tifio measurements. Both of these scales are shown
in Fig. 25, and are marked like this:

Minimum and maximum point \ Fabrenheit Centigrade
Freesing point. ............ ...I 32 degrees 0 degrees
Boiling point.................. | 212 degrees | 100 degrees

How Heat Warms a Room.—When you have
a body that is heated to a higher temperature than
another body near to it, the heat from the warm body
always passes to the cool body until the heat, and
consequently the temperature, of both are the same.
Thus if a room is heated to a temperature of 68
degrees Fahrenheit and the air outside is colder, the
heat will leak through the windows and walls and,
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unless more heat is constantly supplied to the room,
its temperature will fall.

How Heat Is Measured.—Since heat is a force,
it can be measured quite as exactly as wind, water,
steam or electricity.

Just as the unit of English lineal measure is the
inch and the unit of weight is the pound, so also the
unit of heat is the British thermal unit, or B. T. U,,
as it is called for short, and this is the amount of
heat that is needed to raise the temperature of 1
pound of water 1 degree Fahrenheit.

About Heating and Ventilating.—On first
thought heating and ventilating may seem to have
little in common, yet a supply of pure, fresh air is
even more necessary than a supply of hot air. But
when you get both of them together you have the
ideal conditions that make for health and comfort.

Since this is true, in planning a house you should
provide for ventilating it at the same time that you
consider the best way of heating it, for the air sup-
ply should be heated before it is admitted to the

- rooms.

Kinds of Heating Plants.—There are seven ways
a building can be heated, and named, these are (1)
by fireplaces, (2) by stoves, (8) by hot air furnaces
(4) by hot water systems, (5) by steam heating
plants, (6) by gas burners and (7) by electric heat-
ing apparatus.

The Cozy Fireplace.—Next to a fire in the center

of a wigwam with a hole in its top for the smoke
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to get out, the fireplace is the oldest scheme of man
to heat his abode.

Fireplaces are used in present day homes chiefly
for the cheer and comfort they offer. They are very
wasteful of fuel, for 85 per cent of the stored up
energy of the wood or coal goes up the chimney;
but they are good ventilators, for the chimney makes
a draft and this pulls fresh air into the room.

To get the best results, fireplaces should be lined
with brick, and where grates are used they should
be set well above the level of the floor.

The Cheap Old Stove.—Since a stove is cheap,
portable and far more efficient than a fireplace, it has
all but supplanted the latter in the cheaper houses.
The bad features about a stove are that it dries the
moisture out of a room, it does not draw in any fresh
air, and it makes a lot of dirt. The best thing that
can be said of a stove is that it uses 50 per cent or
more of the heating energy of the fuel it burns.

The Hot Air Furnace—To get rid of the trouble
and dirt of fireplaces and stoves, some genius got up
the scheme of hot air heating.

In this system a furnace is used which has a double
shell ; the fire is built on a grate in the inside one,
or fire pot, and air is drawn in between it and the
outer shell or casing, where it is heated. The hot
air then passes through large pipes in the top of the
furnace, or dome, as shown in Fig. 26, where it flows
into the various rooms through iron openings, called
registers, set in the floors or baseboards. The regis-
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ters are fitted with valves by which the heat can be
turned on or cut off.

Heating detached houses by hot air is seldom satis-
factory, for it is always hard to heat the rooms on
the side against which the wind blows. This can
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F16. 26.—How A Hor Amr FurNAcE WoORKS

often be remedied by installing a fan in the pipe
leading to the cold room. If you are putting in a
hot air system, be sure you use a furnace big enough
and that the pipes are large enough. Hot air sys-
tems are cheaper to install than hot water or steam
systems, and they are very simple to operate.
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The Hot Water System.—There are several kins
of hot water heating systems, but the gravity or low
pressure system is generally used for heating homes.

There are two chief kinds of low pressure systems
and these are (1) the one pipe system and (2) the

| EXPANSION

Fig. 27.—A OnNE Prre Hor WATER SYSTEM

two pipe system. The one pipe system is the cheap-~
est to install and it will give you very good service.
The two pipe system takes twice as much piping
and more labor to put in and besides it is apt to short
circust unless the work is well done.

Either kind is easy to take care of, and they make
it possible to regulate the temperature. A hot water
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system costs more than a steam heating plant, be-
cause the pipes and the radiators must be larger,
but it is more economical in fuel consumption.

In putting in a one pipe system, have the piping
all of one size. The horizontal supply pipes that

Fir. 28.—A Two Pipe Hor Warer SystEm

branch off from the main circuit, as shown in Fig.
27, should be short, or, if they have to be long, then
give them as much pitch as you can. A two pipe
system is shown in Fig. 28.

Steam Heating Plants.—There are several kinds
of steam heating systems, but the one that is in gen-
eral use in this country is the low pressure live steam
system.
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pipe leads off from the main line and is connected to
the bottom of the radiator which has a small auto-
matic valve on the opposite side, as shown in Fig.
29. The pressure of steam is usually only about 4
or 5 pounds per square inch, and this is measured by
a steam gauge. "

The main pipe line should have a fall of 1 inch

Fi1g. 30.—A Two PipE STEAM HEATING SYSTEK

in every 10 feet, and the pitch should be such that
the live steam and the water which condenses from
-it will flow through the pipe in the same direction.
An automatic air valve is fitted in the top of the
riser to let the air that collects in the main line pipe
escape.

In this system the radiators are connected on one
side with the main line of pipe and on the other
with the return pipe, as shown in Fig. 29. Where
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this system is used the pipes can be of smaller
diameter than with the one pipe system. The lower
part of the pipe line of a steam heating plant should
always be even. Fig. 30 shows a two pipe line steam
heating system.

Noise in Steam Pipes.—The reason steam pipes
crack and pound is because the hot steam strikes on
the cold pipe or water caught in traps or pockets in
the pipe. When it is the latter, the cold water con-
denses the steam and this forms a vacuum which pulls
the water toward it with great force.

The chief thing you want to look after in installing
a steam heating plant is to give the pipes sufficient
pitch to carry off all the water formed in them and
not to have any uneven places or pockets to catch
the water. .

To Find the Size of Heater Needed.—The size

of a hot air furnace, a hot water heater or a steam
boiler needed to heat a house can be found in several
ways. :
The simplest method depends on the cubic con-
tents of the building to be heated and this is found
by multiplying the total exposure of the house by 50
and dividing it by 30,000 and the result will be the
number of square feet needed for the grate.

Gas Heaters.—QGas is used in nearly every city
for cooking ranges, but it is used only to heat houses
with as a makeshift, except in districts where there is
natural gas.

Electric Heating Apparatus.—Where water
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CHAPTER V
HOW MACHINES ARE MADE AND USED

When you look at a complicated machine it hardly
seems on first sight to be built up of just two simple
mechanical principles, or powers, as they are called,
but this is, nevertheless, true.

How Machines Are Made.—These two powers
are (a) the lever and (b) the inclined plane, and
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both have been so improved that, including them, six

fundamental mechanical movements, or simple

machines, a3 they are termed in physws, are the re-
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sult. The names of these simple machines are (1)
the lever, (2) the wheel and axle, (3) the pulley,
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(4) the tnclined plane, (5) the wedge and (8) the
screw. The wheel and axle and the pulley are only
76
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advanced forms of the lever, while the wedge and
the screw are higher forms of the inclined plane, as
you will presently see. All of these are shown in
Fig. 32, the different kinds of levers in Fig. 33 and
the various kinds of pulleys in Fig. 34.

From the above six simple machines a large num-
ber of mechanical movements have been evolved,

A % 8 i;l;
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FOR RAISING

HERYY LORDS

F16. 34—Kinps or PuLLEys

with which any kind of a machine for any purpose
can be built up.

To Find the Speed of a Shaft, Pulley or Fly-
wheel.—To find the speed at which an engine runs,
or a shaft, pulley or flywheel of a machine rotates,
is a very easy matter if you have a speed indicator
as shown at A in Fig. 35, to do it with.

This instrument is simply a worm gear, the spin-
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dle of which has threads cut on it. These mesh with
the teeth of a gear to which an tndicator dial is fixed.
To use the indicator, all you need to do is to set it at
0, note the time on your watch, and press the pointed
end of the spindle on the center of the end of the

ASPEED INDICATOR

ruBseR BETED B
WHEEL ~  QgSURFACE SPEED
ATTACHMENT

F16. 35.—THE Speep InpicATOR AND How It IS Usep

revolving shaft. In a minute read the dial, which
will give you the number of revolutions per minute.

To find the surface speed, that is, the number of
lineal feet per minute the periphery, or surface, of
the wheel is traveling, a surface speed attachment is
used ; this consists of a rubber-banded wheel that can
be slipped over the spindle of the indicator, as shown
at B.
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To use it, hold the wheel against the surface of
the shaft or pulley a minute or so and then divide
the number of revolutions, as shown on the dial, by
2; now since each revolution of the dial indicates 6
inches, and twice around equals a foot, the result will
give you the number of feet the surface of the wheel
is traveling.

How to Find the Size of a Pulley.— Very often,
after you have found the speed of an engine, or a
motor, you will want to know what size pulley you
will need on a line of shafting belted to it to turn a
given number of revolutions per minute. :

This you can easily do by using the formula:

dR
8 = — or a little plainer,

T

S=dXR—=+r

where S is the size of the pulley you must have on
the shaft in diameter in inches, and is what you
want to find, ‘ :

d is the diameter in inches of the pulley on the
flywheel shaft, which you know,

R is the R. P. M., namely, the number of revolu-
tions per minute, of the flywheel which you get
from the speed indicator, and

r is the number of R. P. M. you want to make the
pulley on the shaft which is belted to the engine
or motor revolve at.
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Fig. 36 shows a belt driven pulley transmission
system as described in the formula above, which will
make it easy to understand.

How to Figure the Size of Belt Needed.—The
next thing you will want to know is what sized belt
you will need to transmit, or carry, a given horse
power from the engine, or motor shaft, to the pulley
on the countershaft, or machine.

FLY WHEEL

INTER SHAFT
%Y WHEEL  BELT

F16. 36.—TrANSMISSION OF POWER BY PULLEYS AND
BELTING :

A belt larger than is needed will be an extra ex-
pense and result in a loss of power, while a belt that
is too small will slip, break and behave badly in
general. Hence, if you are to transmit power with
economy, you must have a belt of the right width.
You can roughly find about the right-sized belt from
the formula:

W = H.P.

—

7

where W is the width of the belt traveling at

4,000 feet per minute (this is the most econom-

ical belt speed) and is what you want to find,
80






THE AMATEUR MECHANIC

rows of holes in each end, as shown at B. Begin at
the center and lace it over to one edge, then back to
the other edge, and then to the center again. Lace
it so that tHe upper side of the lacing is parallel and
crosses over on the under side.

Metal Belt Lacing.—This is a steel punching, as
shown at C. To use it you only need to butt the
ends together, set it evenly over both ends, and drive
the sharp points through them. Turn the belt over,
clinch the points and drive them into the belt. It
is a quick and cheap way to make a joint.

A Good Belt Dressing.—A belt dressing is a
compound used to increase the friction and makes
the wheel pull the belt without slipping.

(1) Take 37 per cent of boiled linseed oil and
mix it with 30 per cent of tallow; (2) mix 6 per
cent of beeswax with 27 per cent of machine oil, all
by measure. Heat 1 and 2 separately to 360 degrees
Fahrenheit and then mix together.

Gears and Toothed Wheels.—In mechanics the
word gear is used to mean two different things, name-
ly, (1) a gear is a gear wheel, or cogwheel, as it is
commonly called, that is, a wheel with teeth cut on its
rim, or periphery, which can mesh with another
_toothed wheel or toothed rack, and (2) a gear is
made up of a whole set of parts of some mechanical
device, as the steering gear of an automobile. The
only kind of gears we will talk about here are gear
wheels. o
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ring gear, that is, it has teeth cut on the inside of
its rim, as shown at E, so that a smaller spur gear
can set in and mesh with it.

¢

A 8 c »
MITER GEARS BEYEL CROWN GEAR ‘Worm
GEARS MESHING WITH GEAR
SPUR GEAR

F1a. 39.—GEARs or Various Kixps

Miuter Gears.—Miter gears are gears of the same
size set at right angles to each other with their teeth
meshing together at 45 degrees, as shown at A in
Fig. 89.

F1G. 40.—SPrOCKET WHEELS AND CHAIN

. Bevel Gears.—These are formed of two gears of
different sizes set at right angles to each other and
whose teeth mesh at any angle other than 45 degrees,
as shown at B. A
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Crown Gears.—A crown gear, as shown at C, has
its teeth cut on the edge of its face and, since it will
mesh with a spur gear having teeth of the same size
and pitch, the gears will very often serve just as well
as bevel gears and have the advantage of running
with spur gears of different diameters.

Worm QGear.—This is a screw working with a
spiral gear as shown at D and is used in many ma-
chines for changing a high speed and small power
into a slow speed and large power.

RATCHET

PANL .
\ WHEEL . PAWL,

A L é’rcw 7
rarcrer wietl, 8 FOIGE
AND PAWL. RATCHET RACK

AND PAWL

Fi1g. 41.—RATCHETS AND PawLs

Sprocket Wheels.—Toothed wheels of this kind are
used to transmit power by means of chains, as shown
in Fig. 40, and, as there is no slippage, the drive is
positive. For this reason they are often used in ma-
chines where there must be unity of action between
the driving and driven shafts.

Ratchet Wheels, Ratchet Racks and Pawls.—A
ratchet wheel has teeth cut on its periphery at a small
angle so that it can be made to turn in one direction
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only and moved ahead a tooth at a time. This is done
by means of a pawl, as shown at A in Fig. 41. Some-
times a ralchet rack and pawl are used to obtain an
intermittent, horizontal motion of the former, as
shown at B.

Figuring the Size of Gears.—(1) When you
want to know the number of teeth a gear must have
to revolve at a given speed when it is run by another
gear the number of whose teeth you know, all you
have to do is divide the number of teeth of the known
gear by the rate of speed of the wheel you want to find
the number of teeth on and the quotient will be the
answer.

Thus, if you want to find the number of teeth
a gear must have so that it will revolve twice as fast
as a gear having 40 teeth, divide 40 by 2 and
the quotient, 20, will be the number of teeth
needed. )

(2) Should you want to know the speed that a
gear will make with a gear whose number of teeth
you know, you only need to divide the number of
teeth on the gear whose speed you want to find into
the number of teeth on the gear whose rate of speed
you know.

Thus, if a gear has 40 teeth and you want to know
its speed when it meshes with another gear having 80
teeth which makes 20 revolutions per minute, divide
40 into 80. The answer, 2, will be the number of
times it revolves to every complete revolution of the
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TABLE
Name of Alloy Copper | Antimony | Tin Lead
Babbitt metal............ 4 7 89
Bronze bearing........... 80 10 10

When a small quantity of phosphorus is added to
the bronze alloy above, it forms what is called stand-
ard phosphor bronze bearing metal.

Rolling friction is very much less than sliding fric-
tion, and roller bearings® as shown at A in Fig.

TEEL
OLLERS
SHAFT
GOES
HERE

Fi1e. 42A.—RoLLER BEARINGS

42, are, therefore, largely used in machinery. Ball
bearings,® see B, offer still less resistance than roller
bearings, because the surfaces in contact are not
nearly as great; but there is some sliding friction

S For roller bearings write the Timken Roller Bearing Com-
pany, 1790 Broadway, New York City.

¢For ball bearings write the Hess-Bright Company, 1914
Broadway, New York City, and to the New Departure Mfg.
Co., Bristol, Conn.
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even with ball bearings where the adjacent balls rub
against each other or the separators which contain
them.

The Use of Lubricants.—Wherever there is frio-
tion you can greatly reduce it by the use of a lu-
bricant, but it must be a lubricant of the right kind.”

There are three factors to be considered in using
a lubricant and these are (1) the pressure with which

s

B

F1g. 42B.—A BaLnn Bearineg

the surfaces slide against each other, (2) the speed
that the surfaces are running at, and (3) how hot
they get.

Vegetable, animal and mineral oils, soap, soapstone
and graphite are used as lubricants, and each is good
in its proper place. The following lubricants will
serve as a key, but it must be remembered that there
are many different grades of mineral oils.

(1) For watches, clocks and fine machinery, use

7 For mineral lubricating oils write the Vacuum Oil Com-
pany, Rochester, N. Y., or the Platt and Washburn Co., 11

Broadway, New York City. For graphite lubricants write
the Joseph Dixon Crucible Company, Jersey City, N. J.
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olive oil that has been filtered, or add 1 ounce of
kerosene to 2 ounces of sperm oil and filter.

(2) For machines that work at high speed and
where the work is light, olive, rape, sperm or mineral
oils can be used. The latter oil should have a

BRAKE
BAND

/e o]
(1
BAND FIXED ¥
A TOTH/S £END E WEICHT
A SIMPLE PRONY BRAKE

Fi1q. 43A.—A DyYNAMOMETER TO MEASURE HORSE POowEr

specific gravity of 30.5 degrees Baumé, and a flash
point of 360 degrees Fahrenhett.

(8) For ordinary machinery whale, neatsfoot,
lard and heavy vegetable oils, vaseline and mineral
oils are used. The latter should have a specific grav-
ity of about 27 degrees Baumé, and a flash point of
400 to 450 degrees Fahrenheit.

(4) For cylinders of engines and other places
where there are high temperatures, mineral oil hav-
ing a specific gravity of 27 degrees Baumé and a
flash test of 550 degrees Fahrenheit should be used.
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of the machine, as shown at A in Fig. 43. One end
is fixed to a support and a weight is hung on its free
end, which is just heavy enough to affect the speed
of the pulley which you can tell by your speed indi-
cator.

You can easily rig up a Prony brake and roughly
find the horse power needed to drive the machine
by the following formula:

31416 X D X R X W

HP. = 396,000
where H.P. is the horse power and is what you
want to find,

3.1416 is the diameter of the pnlley in inches,

R is the number of revolutions of the pulley per
minute,

W is the weight of the weight on the end of the
brake band in pounds, and

396,000 is a constant.

Thus, if you put the brake band over a pulley
25 inches in diameter which is making 1056 revolu-
tions per minute, and you find that a weight of 10
pounds hung on the band just slows down its speed,
you can find the horse power by substituting the
figures for the formula above, thus:

8.1416 X 25 X 1056 X 10
396,000 -

which means that 2 H.P. are needed to turn the
pulley at that speed.

H.P. = 2
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A better though more complicated form of Prony
brake is shown at B, in which a pair of brake shoes
are clamped around the shaft, and these absorb the
power which turns it. This is the really practical
type of dynamometer, but for your purposes the sim-
ple Prony brake will probably be accurate enough.



CHAPTER VI
PUTTING WIND AND WATER POWER TO WORK

The source of all the power we have that is avail-
able for useful work is the sun and the two chief
natural powers due to it are (1) wind power and (2)
water power.

Wixp Power

What Wind Power Is.—The wird, as we call it,
is simply a current of air and this is caused by the
sun heating some parts of it more than other parts.
To equalize this difference of temperature the cold
and heavy air flowing to the hot and lighter air sets
it in motion when it develops power in virtue of its
wetght and speed.

Although the air is a yielding fluid, it acts just
about like a solid body if it is moving swiftly enough
or it is hit with something hard emough. Thus,
when you fly a kite, the force of the wind drives the
slanting kite up and out while you hold it in and
down. But, if the string should break and the kite
should keep the right slant, it would go on as long
as the wind lasted.
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the wheel, which has radiating sails, as the blades are
called. When the mill is used for pumping the

THE VANE ETRILBONE

F16. 44B.—THz PirTs Or A WINDMILL

gears are back geared, that is, they reduce the speed
of the wheel and so develop more power. A pump

1S

S 0
MPROD

C

THE GEARS

F16. 44C.—THE PARTS OF A WINDMILL

pole is connected to a crank on the small gear and

to the pump below.
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The Height of Efficient Winds.—If your wind- |
mill is too low, the house, barn, trees, etc., will cut
off the force of the wind and this will reduce its
efficiency.

To get the best results, have the height of your
windmill 15 or more feet above all wind obstacles.
In any case, see to it that the tower is high enough
so that the lightest wind blowing from any direction
will have a clean sweep across the mill.

To Find the Height of Buildings, T'rees, etc.—
To know how high a tower you need to get the best
results, stand a pole 10 feet high in the sunshine
and measure the length of the shadow it casts. At
the same time measure the length of the shadow cast
by the highest building or tree nearest the place where
you are going to set up your windmill. '

Now divide the length of the shadow of the tree
or house by the length of the shadow of the pole, and
multiply the height of the pole by the quotient;
or, to make a formula of it so that it will be
easier,

L
H=Zh
1

where H is the height of the house which you want
to find,

L is the length of the shadow of the tree or house,

1 is the length of the shadow of the pole, and

h is the height of the pole.

As an example, suppose that the shadow cast by the
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10 foot pole is 8 feet and the shadow of the building
is 32 feet, then

32 = 8 =4and 4 X 10 = 40 feet

which is the height of the house.

About Towers for Windmills.—Towers for
windmills can be made of wood or of steel ; the latter
are the best, safest and cheapest in the long run.
They are made with four posts, in three sizes, and
in heights of from 20 to 80 feet.

The first size is for 6 to 10 foot mills, the second
for 12 to 14 foot mills and the third for 16 and 20
foot mills. These towers are fitted with swinging
pump-pole guides where the mill is to be used for
pumping, and with shaft guides where it is to be
used for running machinery.

Water Power

What Water Power Is.—Water power is devel-
oped by the flow or fall of water from a higher to a
lower level.

The water is raised from a low level by evapora.
tion, which is caused by the heat of the sun; the
evaporated water then falls as rain on higher levels.
Then it either flows or falls to a lower level and thus
it is that the sun is really the source of water power.

By its weight, the force of its current and its
centrifugal force, or a combination of them, it can
be made to turn a wheel and so develop rotary power.

Kinds of Water Wheels.—There are several
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the force of the jet of water thrown on the buckets
by a nozzle.

The Pelton water wheel 2 is the best known of
this type. The wheel and nozzle can be mounted
on a timber frame or encased in an iron housing.
The water is discharged against the buckets by a

WATER
DISCHARGING FROM A
NEEDLE NOZZLE &g

CROSS SECTION
OF NEEDLE NOZZLE

FULLLINES SHOW POSITION OF

NEEDLE WHENNOZZLE IS CLOSED
DOTTED LINES SHOW POSITION
OF NEEDLE WHEN JET DISCHARGES

Fi6. 46A & B.—THE JET TURBINE OR WATER WHEEL

specially designed needle nozzle, as shown at A and
B in Fig. 46. This sets below the wheel, as shown
at C.

The amount of water is controlled by moving the

2 For data re the size and power of these wheels write to the
Pelton Water Wheel Co., 90 West Street, New York.
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A vertical shaft is fixed to the turbine wheel and
drives the machinery either by being connected direct
to it, as in electric power plants, or by being geared
to a driving pulley. Turbines are built in a large
number of sizes and develop from 1 horse power with

GATE

HERD
WATER

[ S - —
— — -

-—-‘_-%'_—'é —

TURBINE T— T/

F16. 47C.—THE WATER TUrBINE AND How IT WORKS

a 3 foot head and a discharge of 252 cubic feet of
water per minute, to 4000 horse power with a 50
foot head and a discharge of 51,100 cubic feet of
water per minute. .
The Hydraulic Ram.—This is a device used for
raising water automatically to a considerable height
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by means of a stream of water having a very smal)
fall. It has no revolving or moving parts except a
couple of valves, but it develops power in virtue of
the fact that, whenever the flow of a stream of water
is suddenly cut off, there is a corresponding increase
on the pressure of it.

A hydraulic ram consists of (1) the body, (2) an
atr chamber, (3) a sniff valve, (4) a check, or inlet

Fia. 48A.—Cross SkcrioN oF A HyprAULIC RAM

valve and (5) an tmpetus valve, all of which are
shown in the cross section at A in Fig. 48.

The hydraulic ram works like this: the water flows
down to the ram through a supply, or drive pipe, as
it is called, and out of the impetus valve at the end.
When the water gets a good start, the force of it
suddenly closes the valve and so cuts off the flowing
water.

This sudden stoppage sets up a high pressure in
the lower end of the pipe which forces the check
valve, set in between the drive pipe and the air cham-
ber, to rise and open. Some of the water rises in
the air chamber and some of it is forced up through
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the delivery pipe by the ramming blow of the water
in the drive pipe.

As soon as the flow of water stops in the drive pipe,
the impetus valve drops down and opens and the
water again starts to flow in the drive pipe and out
of the impetus valve; and then the cycle of operation
begins all over again.

The space in the air chamber acts as a cushion
for the water. This permits the check valve to open
the moment the pressure is set up. The sniff valve
is simply a small hole in the drive pipe, which sniffs
in air for the air chamber, and it is sucked in when
the recoil, or kick, resulting from the sudden rise of
pressure, is set up. In this way water is constantly
foreced up in the delivery pipe.

A hydraulic ram is a cheap and satlsfactory de-
vice for supplying water wherever a slight fall can
be had. A small ram, having a capacity of from
60 to 100 gallons per hour and driving it to a height
of 60 feet, can be bought for about $12.4 It takes
from 2 to 3 gallons per minute to operate the valves
of this ram, which has a drive pipe of § inch in
diameter and a delivery pipe % inch in diameter.

Larger hydraulic rams, taking from 2 to 700 gal-
lons per minute to operate them, can be bought for
from $50 to $850 each.® A Rife ram in action is
shown at B.

M::.hi‘ ram is sold by the L. E. Knott Apparatus Co., Boston,

S These larger rams are made by the Rife Hydraulic Engine
Mfg. Co., 90 West Street, New York City.

107



THE AMATEUR MECHANIC
What ‘‘Head of Water’’ Means.—Before you

install a water wheel, turbine or ram, you should first
find (1) the head of water in feet that you are going
to use, (2) the quantity of water in cubic feel that
flows per minute, and from these two factors a simple
calculation will give you (3) the horse power of the

Fi16. 48B.—TuE Hyprauvric RaMm AT Work

water supply, and then you will know what size water
wheel or turbine you should use.

By head of water is meant the distance the water
actually falls to operate the wheel or ram. Now,
there are two kinds of heads of water, and these are
(1) the static, or surveyed head, and (2) the net,
runming or effective head..

The static, or surveyed head as it is called, is sim-
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ply the height of water in the penstock or where it

" flows into the flume or pipe measured to the lower

level of the water wheel, turbine or hydraulic ram, or

to the center line of the nozzle where a jet wheel is

used. To measure the static, or surveyed head, use

a carpenter’s level and a yardstick, as shewn in Fig.
49,

The net, running or effective head is the pressure

of the water flowing in the penstock, flume or pipe.

Fi1g. 49.—How 10 MEASURE THE HEAD OF WATER OF
Your SuppPLY

There are quite a number of factors which cause a
loss of pressure from the static head, the chief one
of which is friction. For a rough calculation,
though, you can use the static head and let it go
at that.

You can find the quantity of water flowing in a
penstock, flume or pipe by catching and measuring
the volume of water which flows out of them in 1
minute in cubic feet.

To Find the Horse Power of a Water Wheel.
—TFinally, from the head and quantity you can easily
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calculate the gross horse power of the water wheel by
means of this formula:

G.H.P. = .00189 X H X Q

where G.H.P. is the gross horse power and is
what you want to find,

.00189 is a constant,

H is the head in feet and which you have measured,
and Q is the quantity of water in cubic feet per
minute and is known.

Thus, if you have a head of 30 feet and a pipe
delivering 2,700 cubic feet of water per minute,
the gross horse power will be

G.H.P. = .00189 X 30 X 2,700 = 153.29

Actual Horse Power of the Water Wheel.—
As a matter of fact, a water wheel is only about 80
per cent efficient and to find the actual horse power
of the water wheel, you will have to multiply the
gross horse power by .80. Then, in the preceding
example, the actual horse power of the water wheel is

153.29 X .80, or only 122.63.

To Find the Amount of Water Delivered by a
Ram.—You can find the amount of water delivered
by a hydraulic ram from the following formula:

H X Q X40
D

where G is the number of gallons delivered and is

what you want to know,
110
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H is the head in feet and which you know,

Q is the quantity of water in gallons (not cubic
feet) per minute and which you know,

40 is a constant, and

D is the height you want the water delivered to.

Thus, if you have a head of 30 feet and a pipe
delivering 2,700 gallons per minute and you want
the ram to deliver this amount of water at a height
of 84 feet, the amount of water delivered per hour
will be

30 X 700 X 40 _ 840,000

G = 84 84

= 10,000 gallons

’

per hour.



CHAPTER VII
MAKING THE STEAM ENGINE WORK FOR YOU

Steam is the great prime power and it has done
more to aid and abet civilization than all the other
powers put together. To generate steam a boiler
must be used, and to make the steam develop power
. an engine is necessary.

Now while a steam boiler and engine, or power
plant as it is called, costs more to buy and to run
than a windmill or a water wheel, a gas, gasoline
or an oil engine, it is a far more certain source of
power than any of these and it runs more smoothly
and starts off with the full load the instant the steam
is turned on.

About the Energy of Steam.—When 1 cubic
inch of water is heated and changed into steam the
latter will expand until it takes up nearly 1 cubic
foot of space.

When water is heated to 212 degrees Fahrenhett
it boils, and the more heat you apply to the water
the more steam you will get and the hotter it will be.

Steam which can be seen is not real steam at all,
but merely little drops of water that have been con-
densed by the cold air and carried up by the real
steam, which is much hotter and quite invisible.
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Now the heat of steam is of two kinds and these
are (1) kinetic heat, that is, heat which makes the
steam move, and this is what we call senstble heat,
and (2) potential heat, that is, heat that is stored
up in the steam, or latent heat, as it is called.

One of the curious things about energy of any kind
is that it can be changed from energy of motion to
energy at rest, and the other way about, with won-
derful facility and quickness. Hence sensible heat
can be changed into latent heat and vice verss. In
an engine it does this in such a way that all the power
there is in the steam is gotten out of it.

What Steam Pressure Is.—When water is
heated to make steam the particles of water, or
molecules, as they are called, are torn off from it
and these are forced out in straight lines like minia-~
ture cannon balls. They keep on going until they
hit other molecules or strike the sides of the vessel
containing them.

This continual pounding away of the molecules of ,
steam inside the boiler or the cylinder of an engine
is so swift and hard that it sets up streams of force
in every direction and this force and the extent of
it is what is meant by the term steam pressure.

How Steam is Measured.—In this country steam
pressure is measured in pounds, and this is done by
connecting a steam gauge to the boiler near the top
where the steam is hottest. The pressure of the
steam acts on a mechanism that makes a needle swing
over a dial, which is graduated to read in pounds.
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be, the level of the water in the glass gauge will be
the same as that of the water in the boiler.

The water gauge is made so that the glass tube can
be easily taken out and a new one put in without
leaking. This is done by screwing a nut on each
angle valve which has an opening in it large enough

F1a. 52A.—THE WATER GAUGE COMPLETE

to take a rubber ring or washer: After the glass
is slipped into place the nut is screwed up. This
presses on the rubber ring and squeezes it until it
fits tight against the glass tube as shown in Fig. 52B.

The best kind of tubes are called Scotch glass and
these come in various sizes and lengths for different
pressures. You can cut the tubes to fit by nicking-
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them with a file, or, better, use a regular water gauge
glass cutter.!

(4) The steam delivery pipe is screwed in the top
of the boiler, if it is an upright one, or in the steam
dome, if it is of the horizontal type, so that the hot-
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Fic. 52B.—Cross SECTIONS OF A WATER GAuUGE

test steam, which has the most energy in it, will be
delivered to the engine. A globe valve is fitted to
this pipe near the boiler so that the steam can be
cut off at this point if needs be.

(5) Three gauge cocks are fitted into the shell of

*These can be bought of Hammacher, Schlemmer and Co.,
Fourth Avenue and 13th Street, New York City.
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the boiler just above the water line, and these are
used to test the  quality of the steam. Each one is
fitted with a stuffing box, and they are shown on the
right-hand side of the boiler in Fig. 50.

(6) To accurately measure the pressure of steam, a
Bourdon spring gauge, see A, Fig. 52C, so called after
its inventor, is used. It is made of a brass tube hav-
ing a more or less flat cross section, which is bent into
a ring, nearly, with its flat sides in and out, as shown
at C.

One end of the tube is fixed to the frame of the
gauge and the other end is open and is connected
to the boiler through a bent pipe called a siphon.
The other end is closed, and this end, which is free
to move, is connected by a lever to a toothed segment
which meshes with a pinion pivoted to the frame.
A hand is fixed to the end of the spindle and this is
turned back to its O position, when there is no steam
pressure, by a spiral spring. When in use, the siphon
is filled with water to keep the steam from directly
reaching the gauge.

Now when the pressure of the steam is impressed
on the flat tube by the siphon of water it tends to
round it out; this makes the ring straighten out a
trifle; in so doing it pulls on the lever, which moves
the hand over the dial. The construction of the
original Bourdon gauge ig shown at B.

In attaching a steam gauge to a boiler, be sure that
the siphon is filled with cold water. If the hand
oscillates when the gauge is under pressure, close
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('7) Every boiler must have a safety valve, so that
the steam will blow off automatically before the pres-
sure becomes dangerous. The safety valve for
#tationary engines is usually of the weight and lever
type, as shown in Fig. 52D.

. It consists of a valve in which a conical plug fits
into a similarly shaped opening; this plug is held in
its seat by a lever pivoted to the boiler at one end

F1g. 52D.—How A SAFETY VALVE WORKS

and carrying a sliding weight on its free end. To
make the valve blow off when a given pressure is
reached, all you have to do is slide the weight along
the graduated lever to the notch marked with the
number of pounds you want.

A bell whistle is the kind that is blown by steam
and is so called because the steam striking a cylin-
drical, open-mouthed tube makes it vibrate like a bell.

The whistle is formed of a heavy piece of tube
closed at one end for the bell. This is fixed to a
cup by means of a standard, and the cup in turn is
fastened to the stem of a stopcock. Holes are drilled
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in the top of the stem so that the steam can eseape
in the cup when it strikes against the hollow side of
it and is forced up on the edge of the bell, which sets
the bell to vibrating. Then it gives forth a lusty
sound that everybody has heard. Its conmstruction

is shown in Fig. 52E.

Fic. 52E.—How A SteAM WHISTLE 18 MapR

Sizes of Steam Boilers.— A boiler should always
have twice the horse power of the engine it is to run.
Smaller boilers of  boiler horse power to 13 B.H.P.,
in which gas, gasoline, kerosene, alcohol, wood or
coal can be burned, are made by the Lipp Electric
and Machine Co., Paterson, N. J. Larger boilers,
both upright and horizontal, can be bought of Done-
gan and Swift, 6 Murray Street, New York City.

How a Steam Engine is Made.—The steam en-
gine is a machine for changing the energy of steam
into mechanical motion. Now, since steam is gen-
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erated by heat and mechanical motion is power, what
the steam engine really does is to change the heat
into useful power.

But there are large emergy losses from the time
the fuel is burned in the fire box to the time the
crankshaft of the engine is rotated. At the very
best, not more than 20 per cent of the available
energy that is in the fuel is changed into rotary
power, and more often the efficiency is only 10 per
cent, or even less.

Like steam boilers, there are two generic forms
of steam engines. These are (1) the upright en-
gine and (2) the horizontal engine. All ordinary en-
gines, though, are made and work on the same prin-
ciple, which I shall describe presently.

The Parts of an Engine—For the purpose of ex-
plaining the steam engine, let’s take one of the hori-
zontal type, because its construction can be seen to
better advantage than that of an upright engine.

There are sixteen chief parts to a steam engine,
and these are (1) the steam chest, (2) the slide valve
and its stem, (3) the slide valve stem guide, (4) the
eccentric rod, (5) the ecceniric, (6) the cylinder, (7)
the piston, (8) the piston rod, (9) the cross-head,
(10) the cross-head guide, (11) the connecting rod,
(12) the crankshaft, (13) the flywheel, (14) the pul-
ley, (15) the pillow blocks, and (16) the bed.

The steam chest is a box or chest through which
the steam from the boiler passes into the cylinder. To
make the steam flow first into one end of the cylin-
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der and then into the other end a slide valve is used;
this valve is a hollowed out metal block that covers
alternately the tnfake ports of the chest which lead
through ducts into the cylinder, and it also covers
the ezhaust port all of the time.

The slide valve stem is fixed to the slide valve and
passes out of the steam chest through a stuffing boz,
that is, a chamber a little larger than the stem and
in which hemp or other packing is stuffed to prevent
the steam from leaking out when the stem slides
forth and back.

The end of the slide valve stem slides through its
guide; to the stem is pivoted the eccentric rod
and the latter, in turn, carries the eccentric on the
end of it. The eccentric is formed of a metal disk
and this is mounted out of its center on the crank-
shaft. The disk has a groove in its rim and a collar
or a strap is fitted into the groove, and this is con-
nected to the eccentric rod.

The cylinder, as its name implies, is simply a
cylinder with a solid head at the back and a front
head with a hole in its center, over which is a stuf-
fing box. The piston slides in the cylinder, and it is
this element on which the steam acts. A piston rod
is fixed to the piston and slips through the stuffing
box on the head.

The other end of the piston rod is attached to the
cross-head which is a metal block that slides in the
cross-head guide. The connecting rod has a pair of
bearings fitted to each end. One of these is pivoted
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/

the steam under pressure from the boiler passes into
the steam chest, the slide valve is in one end of it
and the piston is in the opposite end of the cylinder.
Hence the port nearest to the piston is open and the
steam flows through it into the cylinder and pushes
the piston over to the other end.

When it reaches the port on this side it is open and
the steam rushing into the cylinder forces the piston
back again, which pushes the steam out of the other
inlet port and thence, by means of the slide valve,
out of the exhaust port into the open air.

Each forward movement of the piston pushes the
crankshaft half way round and each backward move-
ment pulls it the other half way round, thus making
a complete cycle, or one revolution.

The Latent Heat of Steam.—The above is the
simple mechanical action of the steam engine, but
there is another factor which, though it cannot be
seen, must be considered if the engine is to be an
efficient one, and that is the latent heat in the steam.

Not only does the sensible heat of the steam pro-
duce pressure but the latent heat also; by this is
meant that after the steam in the cylinder has been
cut off by the slide valve, its latent heat, that is, the
energy stored up in it, begins to change into energy
of motion, and this makes the steam expand and
keeps on pressing against the piston. ' .

So to get all the power that is in the steam out of
it, the length of the stroke of the slide valve is so
adjusted that it cuts off the steam long before the pis-

127



THE AMATEUR MECHANIC

ton has reached the end of its stroke, and the force
of the expansion of the steam is used to drive it the
rest of the way along.

What the Flywheel Does.—The flywheel accu-
mulates energy, which not only carries the crank
past its dead centers, that is, the ends of strokes
of the piston, but it also makes the engine run
smoothly.

BALL
SPR SUPPORY
PULLEY
7”30( dBeLreD IO
: CRANKSHAFTY
VALYEY\ Bevel cears
B o sTEAncHEST

Fi1a. 54.—A FLYBALL GOVERNOR OF A STEAM ENGINE

How the Governor Acts.—A governor is used to
make the engine run at a constant speed. It does
this by regulating the flow of steam into the steam
chest.

The usual form of governor consists of an upright
spindle which is rotated by gears that are driven
by a belt from the crankshaft. Two levers are
pivoted so that their ends rest on top of the spindle,
and a ball is attached to each of the other ends. A
second pair of levers are pivoted to the first pair
and also a collar, which slides on'the spindle, and this -
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in turn is attached to the valve of the delivery pipe.

When the engine runs too fast, the balls fly apart,
which pulls the collar up and closes the valve. The
instant the steam is cut off the engine slows down
and the balls drop, thereby letting more steam into
the steam chest and then the engine runs faster. A
governor is shown in cross-section at B in Fig. 54
and just as it is at A.

Packing for Stuffing Boxes.—Packing 2 is used
to prevent leakage around the piston and piston rod
and the connecting rod. Formerly hemp was largely
used for packing and the stuffing box was filled with
it. To reduce friction and wear on the packing and
rod, prepared packing was invented. This consists
of flax, asbestos and rubber cemented together and
lubricated with oil and graphite.. It is quick and
easy to put in and insures against leaks and blowouts.

How to Figure the Horse Power of a Boiler.—
Since a boiler does not do mechanical work, the horse
power of it cannot be calculated in the same way as
in the case of an engine. It has been found by ex-
periment that, when 34.5 pounds of water are
changed into steam from and at a temperature of 212
degrees Fahrenheit, 1 botler horse power is produced.
A boiler horse power is the amount of steam power
needed to run an engine of 1 horse power.

It has also been found that, to change 34.5 pounds

*For kinds and prices write to The Crandall: Packing Co.,
136 Liberty Street, New York City, or to The Johns-Manville
Co., 41st Street and Madison Avenue, New York City.
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of water into steam from and at 212 degrees, the
boiler must have 10 square feet of heating surface.
By heating surface is meant all of the boiler that the
fire actually strikes plus the total area of all the fire
tubes plus two-thirds the area of the smoke box.

Thus the heating surface required in a boiler to
make enough steam to run an engine, the horse power
of which you know, is

HS.=H.P. X 10

where H.S. is the heating surface which you want
to find, '

H.P. is the horse power of the engine which you
know and

10 is the number of square feet of heating surface
needed to generate 1 boiler horse power.

As an example, suppose you want to buy a boiler
" for an engine of 2 horse power. Then

H.S. =2 X 10, or 20 square feet of heating sur-
face is needed to gemerate enough steam to run your
engine at full load. »

How to Figure the H.P. of Your Engine.—
You can find, roughly, the horse power of a single
cylinder steam engine by using this formula:

PXLXAXR

HP. =
33,000

where H.P. is the horse power which you want to
find,
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P is the pressure of the steam on the piston and
this you get from the steam gauge of the boiler,

L is the length of the piston stroke in feet,

A is the area of the piston head in square inches
and is found by multiplying the radius of the
piston squared by 3.14,

R is the number of revolutions of the crankshaft
which you can find by a speed indicator, and

33,000 is the number of foot pounds which are
equal to 1 horse power.

Suppose, now, you want to find the horse power of
an engine whose cylinder is 4 inches in diameter;
the stroke of the piston is 8 inches; the pressure on
the piston is 40 pounds to the square inch and the
crankshaft makes 300 revolutions per minute. :

The area of the cylinder is then 3.14 X R? or
3.14 X 2% = 3.14 X 4 = '12.56 square inches; the
length of the stroke in feet is & foot or § foot or .66
foot.

Substituting these known values in the formuls,
you have '

40 X .66 X 12.56 X 300

33,000

99,480

or 33,000 = 3 horse power.



CHAPTER VIII

USING HOT AIR, GAS, GASOLINE AND OIL
ENGINES

Hot air, gas, gasoline and oil engines furnish
sources of power that have many advantages for
home use over windmills, water wheels and steam en-
gines and, as each of the first named has its own
peculiar qualities, these will be cited as we go along.

The Hot Air Engine.—While the hot air engine !
is the most efficient of all heat engines, it is only
used for pumping water, because of its small power
compared to its size.

The chief advantage of the hot air engine lies in
its absolute safety. Any boy or girl who can build
a fire or light a gas jet or a kerosene burner can run
the engine as well as a grown person. And, further,
a little fuel is all that is needed to have a supply
of water all the time.

How the Hot Air Engine Works.—The chief
parts of a hot air engine are (1) the displacement,
or expansion, cylinder, (2) the loose fitting transfer
piston, (3) the piston rod and connecting rod for it,

1Hot air engines are sold by the Rider-Ericsson Co., 20
Murray Street, New York City.
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F16. -55.—Cross SecTioN oF A Hor AR ENGINEB

(4) the power cylinder, (5) the power piston, (6)

the power piston rod and conmecting rod, (7) the

crankshaft, with pulley and flywheel, (8) the stand-
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ards, on which it is mounted, and (9) the fire boz, ah
of which are shown in the cross section view in
Fig. 55.

Now when a fire is built in the fire box it heats
the bottom of the expansion cylinder and, on giving
the flywheel a turn, the loose fitting transfer piston
in it moves down. This forces the hot air in the
bottom to go up and around it and into the top of
the cylinder. On reaching the upper part the air is
cooled by a water jacket around the cylinder in which
water is flowing.

When the air is thus cooled it contracts, and, as
the expansion and power cylinders are connected,
the air contracts in the latter as well as in the former.
The power piston is pushed down by the force of
the air outside upon it, or the atmospheric pressure
as it is called.

Since the transfer piston and the power piston are
set at a straight angle, that is, an angle of 180 de-
grees, when the power piston is moving toward the
bottom the transfer piston moves toward the top.
This forces the cooled air back to the bottom of the
expansion cylinder, where the fire heats it once more.
When it is heated, the air expands, pushing the power
piston up, and the cycle starts all over again.

Just bear in mind that the power is developed
only in the power cylinder by the hot air expanding
against the power piston first and, on cooling, by
the atmospheric pressure outside of it.

How to Use a Hot Air Engine.—When burning
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coal, a good draft is needed. A 5-inch stove pipe
should be used for the smaller engines, and a 6-inch
pipe for the large engines, and a damper must be put
in the pipe in either case.

Chestnut size hard coal is the best fuel. This
should be fed into the fire box in small quantities
often in order to get an even heat and a steady speed.
Kerosene and gasoline burners can be bought of the
makers of hot air engines for burning these fuels.

The Gas Engine.—A gas engine is better than a
steam engine and boiler in that its first cost is
cheaper, it is smaller for the amount of power it
gives, it does not need to be looked after so closely,
and it is more economical to run.

Different from a steam engine, though, a gas en-
gine must be run at its full working speed before
it can be used to transmit its power to machinery.
Otherwise it will stall; this is because it is the sud-
den force of the explosion of the gas that drives the
piston to the end of the cylinder, while the heat
in the steam makes it expand and develop power
from the moment it enters the cylinders. Hence, a
gas engine must be started up before the load is
thrown on and this can be done either by shifting a
belt or by using a cluéch of some kind.

The Parts of a Gas Engine.—A gas engine is
formed of the following principal parts, namely: (1)
" the cylinder, (2) the piston and its connecting rod,
(3) the air and gas tnlet valve, (4) the exhaust valve,
(5) the camshaft and cam, (8) the timing gears, (7)
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the crankshaft, on which are the pulley and flywheel,
and (8) the igniter.
In the type of gas engine in general use the
cylinder is open at one end, as shown in Fig. 56.
' The piston is connected direct to the crankshaft by

SPARK

EXH
VAL

GEARS

Fi6. 56.—Cross SEcTION OF A GAS ENGINE

a connecting rod, and this does away with the piston
rod, cross-head and cross-head guide.

The inlet valve is set in the closed end of the cylin-
der and works against a spiral spring. This lets the
fuel mizture, as the gas and air-which form the ex-

136



USING OTHER HEAT ENGINES

plosive charge is called, into the cylinder. A cam
opens it at the right instant to admit the fuel mix-
ture.

The exhaust valve is a valve in the head of the
cylinder and this is opened at the right time to let
out the burnt gases by the cam on the camshaft, which
is geared to the crankshaft with a pair of bevel gears,

VENT HOLE 100n TUBE
R d min- |
OF ENGINE ’|;

///////

BURNER :

F1e. 57.—Hot Tuse IGNITER FOR A Gas ENGINE

or timing gears, as they are called. In automobile
‘engines both the inlet and the exhaust valves are
opened by cams on the camshaft.

The igniter which fires the fuel charge in the
cylinder is set in the head of the engine. There
are two kinds of igniters in general use and these are
(1) the hot tube igniter and (2) the electric spark
system.

The Hot Tube Igniter—This is a very simyla
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and, when it rotates and makes contact with a spring,’
it closes the battery and spark coil circuit. A spark
then takes place in the business end of the spark
plug, which is screwed in the head of the cylinder.
The magneto system includes (a) a high tension
magneto, (b) a timer, and (c) a spark plug. The
magneto is a small dynamo electric machine ? and

Fi16. 59.—A MagNETO IGNITION SYSTEM

induction coil combined, generating a high tension
current. It is driven by a shaft geared to the crank-
shaft of the engine, as is also the timer. A diagra.m
of the system is shown in Fig. 59.

How a Gas Engine Works.—A gas engme 8
works very differently from a steam engine, since in
the first there is only one power stroke to every four

2 The theory of the dynamo is explained in Chapter XI.

* Gas, gasoline and oil engines all work on the same general
prineciple.
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strokes of the piston, whereas in the s
stroke is a power stroke. A

The diagrams shown in Fig. 60 repres
cylinder gas engine, and each diagram ¢
ferent stroke of the piston, also whethe:
are open or closed and what goes on in t

‘ ¢ v
cere THE
THE SUCTION STROKE COMPRESS/ON POWER  THE EXHAUST STROKE
STROKE STROKE

F1c. 60.—How A Gas ENGINE WORKS

To get a power stroke for every half turn of the
crankshaft, the engine must have four cylinders
whose pistons are connected with a single crankshaft.
The valves are so timed that while one piston is
making a suction stroke, the next is making a com-
pression stroke, the following ome a power stroke
and the last an exhaust stroke. This gives the equiva-
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lent of a power stroke for every stroke of a single
cylinder steam gngine.

When a hot tube is used for the igniter the fuel
charge is not fired until the piston reaches the end
of its compression stroke, because the tube is not hot
enough in itself to ignite the charge. But when
any kind of a gas is compressed, heat is produced and
this, together with the heat of the hot tube, increases
the temperature to a point where it will explode the
fuel charge. No mechanism is needed to make it ex-
plode at the right instant.

But, where an electric spark ignition system is
used, a timer is necessary in order to make the spark
at the end of the compression stroke.

How a Gasoline Engine Works.—While a gas
engine burns ordinary city gas and a gasoline engine
burns gasoline, the principle on which they work is
the same.

The only difference between them lies in the fact
that the former has an air and gas inlet valve or miz-
ing valve, while the latter has a device called a car-
buretor, which breaks up the gasoline in a spray and
mixes it with air when it is sucked into the cylinder.

The Parts and Action of the Carburetor.—
‘A carburetor is made up of two chief parts and these
are (1) the gasoline supply conirol and (2) the spray
making apparatus. The gasoline supply is controlled,
as you will see at A in Fig. 61, by a needle valve
fitted to a float and as the gasoline fills the cnaxmwex
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reservoir. When the engine is running a small qu
tity of the oil is drawn into the cylinder with the
on the suction stroke of the piston, while a nee
valve regulates the amount of oil that is taken i
the cylinder for each charge just as in an ordin
carburetor. :

In the end of the air inlet pipe of the mix
valve is a little damper called a butterfly valve.
opening it more or less the right amount of air:
the amount of oil used to make the proper fuel m
ture for varying loads can be had. To do this
governor, called a throttling governor, is connec
with the butterfly valve. This holds the speed
the engine steady.

The inlet pipe of the mixing valve is also so
times fitted with a nozzle attached to a supply of
ter, which is thrown in a fine spray and drawn
with the fuel mixture. The amount of water thaf
taken into the cylinder is regulated by a needle val

The instant the water gets into the cylinder it
converted by the heat into steam. This acts as
cushion to break the violent force of the explosi
and makes the operation of the engine more econor
cal without reducing the power. The water mn
not be turned on until the engine has been runni
for some time, and it must be shut off a little wh
before the engine is stopped so that the cylinder w
be left dry.

To start an oil engine, especially where crude
is used, it is a good scheme to fill the reservoir w.
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gasoline first. By the time this is used up the en-
gine will be warm and work better.

Sizes and Power of Engines.—The Hot Air En-
gine.—The sizes of hot air engines are not based
on the horse power which they develop, but on the
vertical heights to which they can pump water. Thus
an engine with a cylinder 5 inches in diameter will
pump water to a height of 50 feet; 6 inches to 75
feet; 8 inches to 125 feet; and 10 inches to 160
feet. For data of hot air engines write to the Rider-
Ericsson Engine Co., 20 Murray Street, New York
City.

The Gas Engine—Qas engines are built in all
sizes, from 1 horse power on up to any horse power
you want. Wherever there is a supply of natural
or artificial gas, you have a source of power that is
at once cheap and requires a minimum of atten-
tion. For data, floor space required, speed, weight
and other data write to the Otto Gas Engine Works,
114 Liberty Street, New York City.

The Gasoline Engine—A gasoline engine is not
as economical to run as a gas engine but, where gas
is not available, it is the next best kind of a prime
mover. There are many makes of gasoline engines
on the market, but to get a line on them write to the
Otto Gas Engine Works and the Rider-Ericsson En-
gine Co., as above; Fairbanks, Morse and Co., 30
Church Street, New York City, and Sears, Roebuck
& Co., Chicago.
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The Oil Engine.—The smallest oil engine that I 1
know of develops 23 horse power, and from this little |
unit the sizes go on up to those large enough to run |

a sugar refinery or to supply power for a submarine.

An oil engine uses about half as much kerosene as
the amount of gasoline used by a gasoline engine and,
as kerosene costs about half as much as gasoline,
it is obvious that it costs about a fourth as much to
run it. Crude oils are even cheaper than kerosene,
but it is better to run small engines on kerosene than
on the heavier oils.*

For small oil engines write to Sears, Roebuck &
Co., Chicago, Ill., and for the larger sizes get in
touch with Fairbanks, Morse and Co.

How to Figure the Horse Power of a QGas,
Gasoline or Oil Engine.—You can find about the
number of horse power a four stroke cycle engine will
give with this rule:

D XN

HP. = 55

where H.P. is the horse power you want to know,

D? is the bore or diameter of the cylinder squared,

N is the number of cylinders, and

2.5 is the coefficient and has been found aecurate

for a piston speed of 1,000 feet per minute.

¢ Before buying any kind of an internal eombustion engine
write to the National Board of Fire Underwriters, 76 William
8St., New York City, for a booklet called Regulations for the

Installation and Use of Internal Combustion Engine which will
be sent you free of charge.
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Now suppose you have a 1 cylinder engine whose
bore is 2§ inches, then:

2.752 X 1
HoP- — —Tjd
75 X1
or H.P. = Y
or H.P. = 3.

You will find the internal combustion engine more
fully treated in my book, Gas, Gasoline and Oil En-
gines, published by D. Appleton and Co., New York.



CHAPTER IX
HOW TO HITCH UP POWER

Wherever you live you can easily have some kind
of power and, having it, you can with a little schem-
ing harness it up and make it pump water, wash
clothes, saw wood and do a hundred and one other
chores in and around the house and farm.

How to Use Wind Power.—While wind power
is intermittent and variable, a good windmill prep-
erly fitted with transmission gears can be erected on
top of your barn, either by using a four post mast
or a steel tower, and running the vertical shaft down
inside of it.

The lower end of the vertical shaft is geared to a
horizontal shaft and this in turn has a pulley keyed
to it. The drive is then braced securely to hold it in
place, when it can be belted to whatever machine you
want it to run.

When I say any machine, I mean a machine which
does not require a constant speed, as, for instance,
a feed cutter, corn sheller, circular saw for sawing
wood, and the like.

About Changing Wind Power Into Electricity.—
Many attempts have been made to generate elec-
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tricity by using a windmill as a prime mover, but as
the speed of the latter is so variable and the power
is so uncertain, it is not to be recommended, espe-
cially since the oil engine is so cheap to install and to
run.
How to Use Water Power.—If there is a stream
of water on your place, you have a source of power
that you can develop with very little trouble and at
small initial expense. It will do all kinds of useful
work without cost and with practically no attention
after the plant is in operation.

All ordinary machinery can be belted directly to
the pulley on the shaft of a water wheel, or you
may have to use a pair of gears to speed up the drive
pulley. If you should want, however, to transmit
the power from the water to some distant point there
are two ways open for you to do it and these are (1)
by a rope drive and (2) by electric transmission.

To transmit power by a rope drive means simply
that you use an endless hemp rope instead of a belt
to connect the grooved pulley on the shaft of the
water wheel to a similar grooved pulley at the distant
place where you want to run the machinery. Where
power is to be transmitted over short distances and
light and heat are not needed at the other end, a
rope drive is both cheap to install and to keep up.

The distance to which a rope drive will work
satisfactorily, ranges anywhere from 10 to 175 feet,
while with carrying pulleys the power can be trans-
mitted to almost any distance.
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mover, not only in its first cost but in operation and
in upkeep.

You can’t beat it as a handy power producer on
the farm, for it will do nearly everything but herd
sheep and milk cows. But, if you want to generate
electric power for lighting, you must use a storage
battery between the dynamo and the lighting ecir-
cuits.

A gasoline engine runs more smoothly than an oil
engine but, unless you have a four cylinder engine,
when you run the dynamo with it, if you do not run
any other machinery at the same time you can get
along without a storage battery.

In these days when so many second-hand cars have
been relegated to the scrap heap, you can often pick
up a car with a 20 or 30 horse power engine for as
many or a fewer number of dollars.

Having it, you can leave the engine on the frame
and mount the latter on a foundation of timbers, or
you can loosen the bolts and take the engine off of
the frame and set it on timbers or on a concrete
foundation.

How to Use Your Automobile as a Power
Plant.—In these days when every well-to-do farmer
owns a motor car, it is easy to make it serve as a
power plant for driving light machinery, or even a
dynamo, in a pinch.

The drive is of the friction type, that is, the rear
wheels of a motor car set on a pair of rollers and,
when the engine is running, the friction between the
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rubber tires and the surface of the rollers causes the
latter to revolve.

How to Make a Friction Drive—To make the
- drive, cut off four pieces of 2 x 4 scantling and have
each one 34 inches long. Bore a 1-inch hole through
the thick side of two of the pieces 2 inches from each

8
oA
pEes

34° . SPLIT PULLEY
END VIEW OF AUTO DRIVE A Wo0D

Fia. 63.—DETAILS OF AN AUTO PowEr PLANT

end. Now get four pillow blocks and bolt one to
each end of two of the sticks so that the center of
the hole in it is 6 inches from the end, as shown at
A in Fig. 63.

The pillow blocks are bearings made in two parts
of cast iron. These are bolted together, as shown
at B. A hole is drilled in the top part of the bear-
ing so that it can be oiled. The hole for the shaft
is 1 inch in diameter and the height from the center
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of it to the base is 1} inches. You can buy them
for about 75 cents apiece.?

After boring the holes for the bolts, round them
out on one side so that the heads of the bolts will set
in flush with the surface. This done, lay one of the
sticks with the pillow block on it on one of the other
sticks, bore a -inch hole through both of them 11
inches from each end, and then bolt the sticks to-
gether. These form the ends of the drive.

Now get two pieces of iron rod 1 inch in diameter
and 6 feet 2 inches long. Have a thread cut on each
end of each one 6 inches down; screw a nut on each
end and then slip on a washer. Put the ends of
the rods through the holes in the ends in the sticks,
slip a washer over each one and screw a nut on the
end of each rod. This completes the frame.

The next thing is the rollers. You will either have
to get these turned or else buy split pulleys,® that is,
pulleys which are cut in two so that they can be
bolted to a shaft, as shown at C. Get two lengths
of steel shaft 1 inch in diameter. Have one of them
6 feet long and the other 6 feet 6 inches long. Then
have a wood turner turn four hardwood rollers each
of which is 6 inches in diameter and 12 inches long.

Next, bore a 1-inch hole down through the middle

*Luther H. Wightman, Milk Street, Boston, Mass., makes
thgm];()r further information and prices re wood split pulleys

write the Dodge Sales and Engineering Co., 21 Murray Street,
New York City.
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of each roller. This must be done accurately, or
else the roller will not run true. .- Drive these om
the shafts far enough so that the ends of the latter
can be set in the bearings of the pillow blocks, as
shown at A, and then screw on the covers. On the
projecting end of the long shaft, key or screw on a
pulley to drive the machinery.

REAR WHEELS
OF AUTOMOBILE

DRIVE
PULLEY

F1a. 64.—A Moror Car PowER PrLANT

Instead of having rollers turned, a better scheme
is to buy four wood split pulleys 6 inches in diameter
and having 8, 10 or 12 inch faces. These pulleys
cost, respectively, about $3, $3.50 and $4 apiece.
The construction of the pulleys is shown at C.

Finally, a runway must be made so that you can
back the car onto the rollers and this is easily done
by nailing a few boards to a couple of angle blocks.
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Then your friction drive is ready to run as shown in
Fig. 64. .

To find the horse power of the engine, see Chap-
ter VI; and to find the size and the speed of the
drive pulley needed to run a machine at a given speed,
sco> Chapter IV.



CHAPTER X

INSTALLING A HOME ICE-MAKING MACHINE

While it is easy to produce intense heat, it is quite
another matter to make intense cold, especially on
a small scale. Hence, ice is cut in the winter, stored
in ice houses until summer and, when the ther-
mometer is in the neighborhood of 100 in the shade,
it is delivered by the ice man at fabulous prices to
the sweltering householder.

‘What Cold Is.—When we say a thing is cold we
mean that it has a temperature which is lower than
that of the normal, or standard, temperature, which
is generally taken to be the temperature of the human
body, namely, 982 degrees Fahrenheit.

The standard of low temperature is the freezing
point of water. This, as you found in Chapter IV,
is 32 degrees on the Fahrenheit thermometer and 0
degree on the centigrade thermometer. But the
freezing point of a substance does not by any means
show that there is no more heat in it. The tem-
perature at which a body really loses all of its heat
is called the absolute zero and this is 273 degrees
colder than the freezing, or 0 point, on the centigrade
scale.

157



THE AMATEUR MECHANIC

How Cold is Produced.—There is only one way
by which cold can be produced and this is by evapora-
tion; to do this a liquid must be used or if a gas is
used it must be condensed into a liquid first, and in
all ice-making machines both of these principles are -
combined ‘and used.

Cooling by Evaporation.—In physics evaporation
means that a vapor is formed on and given off by the
exposed surface of water, or any other liquid, which
has a temperature below the boiling point. In coun-
tries where the heat is intense, drinking water is kept
ool by putting it in unglazed earthen jars, which
are porous, and set in the shade where the wind will
blow on them.

As the water seeps through the pores of the jar
and reaches the surface, the wind evaporates it and
this rapid evaporation keeps the water cool. An ex-
periment to illustrate cooling by evaporation is te
put a few drops of alcohol, or, better, ether, in the
epen palm of your hand, when it will evaporate very
fast, and you will feel it get quite cold.

What Condensation Is—In physics comlensatwn
means that a gas or vapor is changed to a liquid.
Now, there are two ways a gas or vapor can be
liquefied and these are (1) by cooling it and (2) by
compressing it, and both of these processes are used
in ice-making machines. '

For experimental purposes and making ice cream,
a freezing mixture can be made by mixing 1 part of
salt with 3 parts of cracked ice, and this will produce
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cross section of an ammonia ice making machine is
shown in Fig. 65.

Sulphur Diozide Refrigerating Machines.—The
only ice machine that is small, safe and economical
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F16. 65.—How AN AMMONIA ICE-MAKING PrANT
‘WORKS

enough for home purposes that I know of is the one
invented a dozen or fifteen years ago by Audiffren,
a French physicist, and in which sulphur diozide is
used as the refrigerant.
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Sulphur dioxide is a gas that liquefies much easier
than ammonia gas, in fact all that is needed to liquefy
it is to set the vessel containing it in a freezing mix-
ture made of ice and salt, as previously described.
Sulphur dioxide also liquefies at a much lower pres-
sure than ammonia and has a much lower working
pressure.

Different from the ammonia ice-making machine
in which there is a leakage of the refrigerant, as the
ammonia is called, through the stuffing boxes and pipe
joints, the Audiffren sulphur dioxide machine has its
refrigerant hermetically sealed, that is, sealed air-
tight, in the dumbbell which forms the rotating part
of the machine.

The machine,? which is shown in cross section in
Fig. 66, consists of a shaft with a pulley on one end,
a refrigerator drum, or hollow shell, on the other end
and a compressor drum, or hollow shell, set on the
shaft between them. This revolving element, or
dumbbell, so called from its shape, rests on two bear-
ings, one on each side of the middle drum.

The compressor, as the pump is ealled, hangs on
the shaft and it is held by a heavy lead weight, so
that it always keeps an upright position. The piston
which works in the cylinder of the pump is moved to
and fro by means of a connecting rod fixed to an
eccentric on the shaft.

Above the cylinder and the shaft is a reservoir for

? This ice machine is sold by The Johns-Maaville Co., 41st St.
and Madison Ave., New York City.
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called, must be well ¢nsulated, that is, covered, to
prevent them from absorbing heat. The better they
are insulated the smaller will be the expense of mak-
ing the ice. The best insulation for hrine mains is
cork. This can be bought of the Armstrong Cork
Company, 50 Church St., New York City, or of the
Johns-Manville Company, 41st St. and Madison Ave.,
New York City.

How to Build a Refrigerator.—The refrigers-
tor must also be thoroughly well insulated. If you
will build one of the following materials in the order
named, you will have one that will keep out heat
as well or better than any you could buy.

The materials are named in the order in which
they are built up from the outside to the inside of
the refrigerator. Begin with (1) one layer of §-inch
boards for the outside and (2) cover this on the in-
side with waterproof paper; (3) put on a layer of
pure sheet cork 2 or 3 inches thick; (4) on this put
another layer of waterproof paper; (5) then a layer
of #inch boards, and, finally, (6) line it with %
inch thick opaque glass, or thin sheet enameled steel.

Some Facts About Ice Making.—The follow-
ing facts are interesting in connection with the mak-
ing of ice. (1) Water that has been distilled will
freeze clear, but it is not at all necessary to use dis-
tilled water to get nearly pure ice.

(2) When raw water is frozen it tends to force
the impurities in it to the center. The slower the
water is frozen the clearer the ice will be. (3) If
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the water is stirred or otherwise agitated while it is
freezing, the quicker and more surely will the im-
pure matter be forced to the center of the cakes
when it can be removed. Agitation helps to form
clear, solid cakes of ice.

(4) The rate at which ice freezes decreases direct-
ly with the thickness of that which is already frozen.
This being true, it follows that the time it takes
to freeze a cake of ice increases in proportion to the
square of the thickness of that to be frozen.

(5) To make raw water ice, fill the cans with the
water and agitate it until it is partly frozen. Then
draw off the remaining water. This will carry off
most of the impurities that have been frozen out and
into it. Fill the can with fresh water and agitate
it while it is freezing as before.

What It Costs to Make Ice.—To find the dif-
ference in the cost of natural ice and mechanically
made ice, you must include in the former (1) the
cost of harvesting, which means the labor of cutting
and storing it; (2) the melting and other wastage of
it; and (3) the amount left over at the end of the

. season.

The cost to make ice with an ice machine varies
within wide limits, too, but in any case it is based on
the cost of (1) coal, (2) labor, (3) the refrigerant
used, (4) water and (5) the power that is used,
loss of oil, etc.



CHAPTER XI
ELECTRICITY IN THE HOME AND ON THE FARY

As you have seen from what has gone before, you
can have power at very little expense wherever ygu
live and, having it, you can convert it into electricity
without the slightest trouble.

Now, while electricity is a secondary power, that
is, it must first be generated by some other power
such as water, steam or gas, you can do with it that
which you cannot do with any of the others, that is,
use it for light, heat and power at one and the same
time.

What to Know About Electricity.—It is easy
to understand how a current of electricity acts and
works if you know just three things about it, and
these are (1) that it has quantity, or current strength,
as it is called, (2) that it has pressure, or electromo-
tive force, as it is termed, to drive the current along,
and (3) that the wire in which the current is flowing
has resistance, that is, it opposes the flow of the cur-
rent.

From this you will observe that an electric cur-
rent behaves very like a current of water flowing
through a pipe, hence, when you want to know how
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the former would act under certain conditions, just
consider what the latter would do and you will come
pretty close to the right solution of the problem.
You must be careful, though, not to carry this hydrau-
lic analogue too far.

Current Strength and the Ampere.—When the
poles of a battery, or a dynamo, are connected with a
wire, or circutt as it is called, a current flows from
the positive, or | side, to the negative, or — side.

Now the quantity of electricity, or current
sfrength, or just current for short, as it is called,
flowing in a wire or circuit depends on the pressure,
or electromotive force, that is driving the current
along the wire, and the resistance of the latter.

The greater the pressure, the larger the current
that can be forced to flow through the wire; on the
" other hand, the higher the resistance of the wire, the
smaller the current that can be forced through it.

To measure the amount of current that is flowing
through a wire, or circuit, a unit called the ampere
is used. 1 ampere is the amount of current that 1
volt of electromotive force will drive through a wire
having a resistance of 1 ohm. The amount of cur-
rent is measured by an instrument called an am-
meter.

Electromotive Force and the Volt.—The pressure
that forces electricity along a wire, or electromotive
force, is measured by a unit called the volt. A volt
is the electromotive force needed to drive 1 ampere
through a wire having a resistance of 1 ohm.
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The pressure or electromotive force is often called
the voltage and it is measured with an instrument
called a voltmeter. A dry cell gives a pressure of
about 2 volts, and lamps, heating apparatus and
motors for home electric plants are built to work
with a pressure of 32 volts. Ordinary direct cur-
rent power plants generate current at 110 volts.

Resistance and the Ohm.—A wire of whatever
size always resists the flow of a current through it.
The resistance depends on the kind of metal the wire
is made of, its diameter and its length.

The unit of resistance is the ohm. 1 ohm is the
resistance of a circuit which requires a pressure of 1
volt to send a current of 1 ampere through it. An
ordinary telegraph wire 400 feet long has a resistance
of about 1 ohm. Resistance is measured with a
resistance box, but it is easy to figure it if you know
the current and voltage. '

The Relation Between Current, Pressure and Re-
sistance.—From the above you will see that there is
a definite relation between current, pressure and re-
‘sistance. This being true, it is obvious that, if you
know the value of any two of them, you can easily
figure out the value of the remaining one.

To do this just remember these three rules:

(1) That volts < ohms = amperes;

(2) That amperes X resistance = volts; and

(3) That volts —+— amperes = resistance.

With these fundamental laws in mind, you are ready
now to get acquainted with the power plant and sub-
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sidiary apparatus for generating and using electric
current.

What an Electric Installation Consists of.—
There are four chief parts to an electric power plant
and these are (1) the prime mover, or motive power;
(2) the dynamo, which generates the current; (3)
the storage battery; and (4) the switchboard.

The installation further consists of (5) the ¢{rans-
mission lines; (6) the service wires; and (7) the
devices that use the current. All the various powers
that can be used for running dynamos have been de-
scribed in the foregoing chapters and the methods by
which these prime movers can be used to drive the
dynamos have also been described.

The Dynamo Electric Machine.—There are two
kinds of electric current used for lighting, heating
and power and these are (1) direct current and (2)
" alternating current. While both of these can be used
equally well for lighting and heating, direct current
is better for running motors, and the cost of direct
current motors is less than for alternating current
motors.

Oppositely alternating current can be transmitted
farther over smaller wires with less loss of power
than direct current. But for all ordinary work
direct current is the most satisfactory. Hence, for
your power plant you should install a direct current
machine, or dynamo, as it is called.

How a Dynamo Is Made.—A dynamo is a very
simple machine and consists of two chief parts and
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these are (1) the armature, or revolving element in
which the currents are set up, and (2) the field mag-
nets between whose poles the armature rotates.

The armature is formed of a core of very soft iron
and lengthwise on this a large number of turns of in-
sulated copper wire are wound; the turns of wire
are divided into cotls, and the ends of each coil are
connected to the opposite segments of a commutator.

..........
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F1g. 68.—How A CurreNT 18 Ser Up IN A MoviNg
WIRE

The commutator is made up of a number of cop-
per segments, or bars, separated by strips of mica
to insulate them from each other. Together they
form a ring, and this is fixed to the shaft that car-
ries the armature. As the currents are set up in the
coils of the armature, they flow to the commutator
bars, where they are taken off by a pair of soft car-
bon brushes which press on each side of the commu-
tator. The field magnets are also made of very soft
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stantly set up in the loop of wire and will flow around
it, first in one direction and then in the other, for
every time the loop moves from one pole to the other
the current set up in it changes its direction. Hence,
there will be two alternations of the current for
every revolution of the loop of wire.

By winding the wire on a cylinder of soft ironm,
the strength of the magnetic lines of force will be

SHUNT
CIRCUIT

\
L

__LAMPS OR
OTHER LOAD:

F1a. 70.—How A Dynamo 18 WouUND

greater, for magnetism flows through iron easier than
through air and this, of course, increases the strength
of the current set up in the wire.

To make the currents that are set up in the coils
of the armature flow in one direction, the ends of
the coils are connected with the segments of the com-
mutator. For every coil on the armature, which is
made up of a large number of turns of fine wire,
there must be a pair of separate and oppositely set
segments in the commutator.

A small part of the current taken off by the brushes
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from the commutator flows back through the coils of
the field magnets and so keeps them magnetized. In
this way the magnetic lines of the fields are changed
into electric currents by the armature, which gen-
erates enough additional current to light lamps, heat
sadirons, wash clothes and do other useful work.

F1q. 71.—A PorrasrLE Errcrric MorTor

Dynamos are wound in different ways but the kind
you want for your lighting plant is a compound
wound dynamo as shown in Fig 70.

The Electric Motor.— Away back in Centennial
days, that is, in 1876, some one found that if a cur-
rent was passed through a dynamo it would run as
a motor and develop power; Fig. 71 shows a portable
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motor capable of doing all kinds of work wherever
you want it done. To find the horse power an elec-
tric motor is using or a dynamo is delivering in cur-
rent, or a lamp or any other piece of electrical ap-
paratus takes, you should know first that the undt
of electric power is the watt and that there are 746
watts in 1 horse power.

To find the number of watts that is being generated
or used, all you have to do is to multiply the cur-
rent (amperes) by the pressure (volts)

or W=CXE

Then to find the horse power, use this formula:
CXE
746

where H.P. is the horse power and is what you
want to find,

C is the current in amperes which you know,

E is the pressure in volts which you also know and

746 is the number of watts in 1 H.P.

HP. =

Thus, if a 30 volt motor takes 6 amperes to run
it, substitute these values for those in the formuln
to find the horse power developed thus:

6 X 30
HP. = 46
HP __180
or I1i. .—-m

or H.P. = .23 or very nearly } horse power.
4
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with and will deliver and (2) that each cell has an
eléctromotive force, or voltage, of 2 volts, regardless
of the number of plates and the sizes of them. For
this reason the voltage is constant and the current
varies according te the load.

A storage battery for home lighting and power
circuits is made up of 16 cells, and these give 32
volts. But batteries can be had in several different
sizes, 80 that you can store up enough current to
light as many lamps at one time or for as long a
time without recharging it as you may need.

A battery is rated by the number of ampere hours
it will give. Thus, a 44 ampere hour battery will
deliver 1 ampere for 44 hours or 44 amperes for 1
hour or any mean, that is, the equivalent of these
. figures, according to the load it must take care of.

As an example, a 32-volt, 16-candle power lamp
takes about 1§ amperes to light it. Hence you <an
keep 1 lamp lit on a 44 ampere hour battery for 25
hours, or 5 lamps of the same candle power for 5
hours, without recharging the battery.

The Switchboard and Its Instruments.—The
next thing is to connect the dynamo with the storage
battery and lights and other apparatus that uses the
current. This is done through the switchboard.

This is a panel of hard fiber, or better, of slate,
and it has on it (1) a volimeter, (2) an ammeter,
(8) a rheostat, (4) an automatic cutout, (5) a dou-
ble-throw switch and (6) a pair of enclosed fuses.
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for curling irons, flatirons, percolators, toasters and
other utensils and conveniences; (3) it will give you
power to run a tumble churn, coffee mill, cream sepa-
‘rator, dishwasher, grindstone, horse clippers, ice-
cream freezer, massage vibrator, meat grinder, milk-
ing machine, pumps, sewing machine, vacuum cleaner,
washing machine, milking machine, etc. ; and, finally
(4) all of these things make for a life which will keep
the boys and girls at home and which you and your
wife cannot afford to be without.



CHAPTER XII

USEFUL RULES AND TABLES

TABLE 1

Number and Weight of Pinig;hfingles to Cover 1 Square of

1 square = 10°X 10 feet or 100 square feet

Number of inches exposed to
weather.................. 4

Number of shingles per square
ofroof...........c....... 900

Weight of shingles on 1
square in pounds.......... 216

5
720
173

44
800

192
k

6
600
144

5%4
655
157

(The number of shingles per square is for ecommon gable
roofs. For hip roofs add 5 per cent to the above figures. A
bundle contains 250 shingles and 1000 four-inch shingles

weigh 240 pounds.)

TABLE II
Amount of Water that Can be Raised per Hour by Man,
Horse and Wind Power
Power 25 feet 50 feet 100 feet
Man with frequent )
rests.............. 600 gallons| 800 gallons| 150
8 foot windmill.....| 810 * 400 “ 325 «
12 « “ o ....[2400 ¢ 1320 “ 685 ¢«
Horse on treadmill...[7,060 ¢ [3,200 “ ]1,760
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TABLE III
Size, Length and Number of Shingle Nails to the Pound
Length and Ga:
Sise = A e e
Trch Numb Pound
3d 14 13 429
3}d 134 1244 345
4 114 12 274
5d 13 12 235
6d 2 12 204
7d 2y 11 139
8d 214 11 125
284 11 114
10d 3 10 83
TABLE IV

Average Weights and Volumes of Fuels

Anthracite coal | 1 cubic foot weighs 55 to 65 pounds,
1 ton (2240 pounds) = 34 to 41 cubic feet
Bituminous coal| 1 cubic foot weighs 50 to 55 pounds,
1 ton (2240 pounds) = 41 to 45 cubic feet

Charcoal 1 cubic foot weighs 18 to 1834 pounds,
1 ton (2240 pounds) =120 to 124 cubic feet
Coke 1 cubic foot weighs 28 pounds,

1 ton (2240 pounds) = 80 cubic feet

(One bushel of anthracite coal weighs on an average of 6T
pounds; one bushel of bituminous coal 60 pounds; one bushel
of charcoal 20 pounds; and one bushel of coke 40 pounds.) .
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"TABLE V
Some Useful Arithmetical Rules

Knowing Diameter to Find Cv'rcmnfemc? of a Circle.
(1) Multiply the diameter by 3.1416, or (2) divide the
diameter by 0.3183.

Knowing Circumference to Find Diameter of a Circle. .
(1) Multiply the circumference by 0.3183, or (2) divide
the circumference by 3.1416.

Knowing Circumference to Find Radius of a Circle.
(1) Multiply the circumference by 0.15915, or (2) divide
the circumference by 6.28318.

To Find the Area of a Circle.

(1) Multiply the square of the radius by 3.1416, or (2)
multiply the square of the diameter by .7854, or (3) mul-
tiply the square of the circumference by .07958, or (4)
multiply the circumference by } of the diameter.

To Find the Area of a Sector of a Circle.
Multiply the length by } of the radius,

To Find the Area of the Solid Part of a Ring.

(1) Subtract the area of the inner circle from the area
of the outer circle, or (2) multiply the sum of the diam-
eters of the two circles by the difference of the diameters
and the product obtained by .7854.

To Find the Area of an Ellipse.
Multiply the produect of the two diameters by .7854.

To Find the Avea of a Triangle.
Multiply the base by % of the altitude.
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To Find the Area of a Parallelogram.
Mnultiply the base by the altitude.

To Find the Area of a Trapezoid.
Multiply the altitude by § the sum of the parallel sides.

To Find the Area of a Trapezium.
Divide the figure into two triangles, find the area of the
triangles, and add them together.

To Find the Surface of a Sphere.
Multiply the diameter by itself, that is, square it, and
then multiply this product by 3.1416.

To Find the Volume of a Sphere.

. Multiply the diameter by itself twice, that is, cube it, and
then multiply this produet by 3.1416 and divide the quotient
by 6.

To Find the Volume of a Cylinder.

Multiply the diameter of the tank, or other cylinder, by
itself, that is, square it; multiply this product by .7854
and, finally, multiply this last product by its height.
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INDEX

Absqlute zero, 187
Action of water pumps, 59
Actual horse power of a
water wheel, 110
Aggregate for concrete, 41
Air, 94
Air pressure gauge, 53
water supply system, 51
Alloys, anti-friction, 87
Aluminum wire for trans-
mission line, 180
Ammeter for switchboard,
17
Ammonia, 159
gas, 159
liquid, 159
refrigerating machines,
159
water, 159
Ampere, hour defined, 177
Ampere, unit of current
strength, 167
Anti-friction alloys, 87
Architect’s scale, 2
Area, how to find, of cir-
cle, 185
of an ellipee, 185
"of a parallelogram, 186
of sector of a circle,
185

Area, how to find, of solid
part of a ring, 185
of trapezium, 186
of trapezoid, 186 -
of triangle, 185
Arithmetical rules,
useful, 185
Armature of a dynamo, 170
Atlas portland cement, 45
Automatic air water sup-
ply system, 56
Automatic cut-out, 177
Automobile as a power
plant, how to use,
152
Auto-pneumatic water sup-
ply system, 55

Babbitt bearings, 87
Ball bearings, 88
Basement walls, 26
Battery electric spark ig-
niter, 138
Bearings, Babbitt, 87
ball, 88
bronze, 87
phosphor-bronze, 88
roller, 88
Belt dressing, 82
how to lace a, 81

some
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Belt dressing,
how to splice a, 181
lacing, metal, 82
needed, how to find the
size of a, 80
splice cement, 81
splices, kinds of, 81
Bevel gears, 83, 84
Blue book of rope trans-
mission, 150
Board feet, 11
measure-table, essex, 11
Boiler horse power, what
it is, 129
steam, see Steam boil-
er
Boiling point, 65
water, how to purify it, 47
Bonds for brickwork, kinds
of, 35
Book of electricity, 181
Bourdon steam gauge, 119
Brace measure table, 10
Breast water wheel, 100

Bricks and brickwork, 33

colors of, 33

kinds of, 33

laying, 35

Brickwork, bonds for, 35

measuring, 36

mortar for, 33

table of wall thickness,
bricks thick and
bricks per super-
ficial foot, 36

Brine mains, how to in-
sulate, 163
Brine tanks, 163
British thermal unit, 66
Bronze bearings, 87
Brown and Sharp vernier
caliper, 15
Builder’s hardware, 26
Building, frame of a, 30
kinds of wood for, 31
with concrete, 40; see also
Concrete
materials, kinds of, 26
Buildings, basement walls
for, 26
chimneys for, 26
comparative  cost
25
floors for, 26
kinds of, 25
piling for, 26
plastering for, 26
roofing for, 26
shingles for, 31
sills for, 30
studding for, 30
trim and finish, 26
walls for, 26
weather-boards for, 31
Build your house, when
you, 25

of,

Caliper, 16
micrometer, 16
vernier, 15
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Carburetors for gasoline
. engine, 141
Carpenter’s level, 20
rule, 1
steel square, 7
Carpenters’ and mason’s
level, 28
Cement belt splice, 81
Centigrade  thermometer,
157
Centigrade  thermometer
scale, 64
Centimeter defined, 1
Centrifugal force of water,

102
Centrifugal pump, how it
works, 59

Chimneys, for buildings, 26
Circle, to find area of a, 185
area of a sector of a, 185
circumference of a, 185
diameter of a, 185
radius of a, 185
Clutch for an internal com-
bustion engine, 185
Cold, see Cooling
Cold, see Freezing mixtures
Cold, how it is produced,
158
" Cold, what it is, 157
Columbia pattern vernier
caliper, 15
Combustion, what it is, 63
Commutator of a dynamo,
170

Comparative cost of build-
ings, 25
Compound wound dynamo,
173
Concrete, 41
aggregate, 41
blocks, 43
building with, 40
crushed stone or gravel
for, 42
how to mix, 42
how to place, 43
lean mixture, 43
machinery, 44
medium mixture, 43
mixtures of, 42
portland cement for, 45
rich mixture, a, 4
standard mixture, the,

42
surfaces, finishing, 44
what is, 41
Condensation, what it
means, 158
Cooling by evaporation,
158
Cork for insulating brine
mains, 164
Cost of, 25
buildings, comparative,
26

harvesting ice, 165

making ice, 165

woods, relative, 82
Creosoted wood, 32
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Crown gears, 83, 85
Crushed stone or gravel for
concrete, 42
Current, 169
alternating, 169
ampere, 167
direct, 169
how it is set up in a wire,
170
relation between pres-
sure, resistance and,
168
storage battery will de-
liver, 175
strength, 167
Cylinder, to find the vol-
ume of a, 186

Diameter of a circle, to
find, 185
Direct drive dynamo, 179
Distilling water to purify
it, 48
Dressing for belts, 82
Dynamo, 179
direct drive, 179
electric machine, the,
169
how it is made, 170
how to use, 151
Dynamometer for measur-
ing horse power, 91

Efficiency of water tur-
bine, 103

Electrie, 73
heating plants, 73
installation, what it con-
sists of, 169
lighting system, 150
machine, dynamo, 169
motor, 173
plant, what it will do,
181
plants, switchboard for,
177
power plant, parts of.
169
power transmission, 149
spark igniter for gas en-
gine, 138
Electrical rules, fundamen-
tal, 168
Electricity, 148
changing wind power
into, 148
current strength and the
ampere, 167
electromotive force and
the volt, 167
farm, on the, 166
home, in the, 166
relation between current,
pressure and resist-

ance, 168

resistance and the ohm,
168

watt, unit of electric

power, 173
what to know about, 166
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Electromotive force, rela-
tion between pres-
sure, current and,
168

Electromotive force and
the volt, 167

Electrolyte for a storage
battery, 175

Element of a storage bat-
tery, 175

Ellipse, to find area of an,

' 185

Energy, 113

change of, 113
of steam, 113

Engine, see Gas engine and
Steam engine

Engines,

Gasoline, see

Hot air, see

power of gas, gaso-
line, hot air and oil,
145

sizes of gas, gasoline, hot
air and oil, 145

Essex board measure table,
11

Evaporation, cooling by,
158

Fahrenheit

157

scale, 64

Farm, electricity on the,
166

thermometer,

Field magnets of a dynamo,
170

Filter, Pasteur water, 48

Filtering, water to purify
it, 47

Finish for buildings, 26

Finishing concrete sur-
faces, 44

Fire, means for making a,
63

Fireplace, cozy, 66
Fire underwriters, national
board of, 146-181
Fittings of a steam boiler,
114
Flash point of lubricants,
90
Flexible rules, 5
Floors for buildings, 26
Flume for a water wheel,
103
Flywheel on an engine, 128
Force pump, how made,
58
Formula for finding,
actual horse power of a
water wheel, 110
amount of water deliv-
ered by a ram, the,
110
amperes (current
strength), 168
area of a circle, 185
ellipse, an, 185
parallelogram, a, 186
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Formula for finding,
area of a sector of a
circle, the, 185
solid part of a ring,
185
trapezium, a, 186
trapezoid, a, 186
triangle, a, 185
circumference of a cir-

cle, 185
diameter of a circle,
185

heating surface of a
steam boiler, 130
height of buildings, 98
horse power of
boiler, a, 129

driving a machine, for, |

91
electric current, 173
internal combustion

engines, 146
steam engine, a, 130
water wheel, a, 109

ohms (resistance), 168
radius of a circle, 185
belt needed, a, 80
gears, 86
pulley, a, 79
volts (electromotive
force), 168
volume of,
cylinder, a, 186
sphere, a, 186
watts generated, 173

Formula for finding capac-
ity of a water tank,
5
Frame of a building, 30
Framing square, carpen-
ter’s, 7
Framing table, rafter, 12
Freezing,
how to prevent water
pipes from, 60
mixtures, 158
point, 65
Friction alloys, anti-, 87
Friction, 87 ‘
how to reduce, 87
lubricants to reduce, 89
rolling, 89
sliding, 87
what it does, 87
Friction drive (transmis-
sion), 152
Frost box, how to make a,
60
Frozen, what to do when a
water pipe is, 61
Fuel, 135
hot air engine, for, 135
reservoir for oil engine,
143
Fuels, table average, weights
and volumes of, 184
Fuses, enclosed, 177

Galvanometer, 171
Gas engine, 135
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Gas engine,
how it works, 139
how to find horse power
of, 146
igniters for, 137
parts of a, 135
timing gears for, 137
Gas heaters, 73
Gases, how to liquefy, 159
Gasoline engine,
carburetors for, 141
how it works, 141
Gasoline engines, 146
how to find horse power
of, 146
Gasoline power,
use, 151
Gauge, 53
air pressure, 53
water, 53
Gauges, 21
some useful, 21
testing, for, 20
Gears, 83
bevel, 83, 84
crown, 83, 85
how to find the size of,
86
internal, 83
miter, 83, 84
plain, 83
spoked, 83
spur, 83
timing for a gas engine,
137

how to

Gears,
webbed, 83
windmill, 95
worm, 85
Gears, see Ratchet wheels,
Ratchet racks, Pawls,
and Sprocket wheels
Gears and toothed wheels,
82
Governor, 128
how it acts, 128
oil engine, throttling
for, 144
Gravel or crushed stone for
concrete, 42
Gravity water supply sys-
tem, 51
Gross horse power of a
water wheel, 110

Hardware, builders’, 26
Head of water,
means, what, 108
your supply, how to
measure, 109
Height of buildings, how to
find, 98
Height of windmills, 98
High pressure steam boil-
ers, 114
Home, 166
electricity in the, 166
handy book, 47
heating plant for your, 63
ice making machine, 157
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Home, storage battery for
lighting the, 177
Horizontal tubular steam
boilers, 144
Horse power, 129
boiler, how to measure,
129

dynamometer for meas- '

uring, 91
internal combustion en-
gines of, how to find,
146
measuring with prony
brake, 91
needed to drive a ma-
chine, how to find,
191
steam engine, how to
find, 130
water wheel, actual, 110
water wheel, gross, 110
water wheel, how to find,
109
watts in a, 173
windmills, of, 97
Hot air engine, 132
advantages of, 132
fuel for, 135
how it works, 132
parts of, 132
power of, 145
Hot air engines, 132
Hot aizyfurnace, 67
Hot air power, how to use,
134, 151

Hot tube igniter, 137
Hot water heating plants,
69
Heat,
British thermal unit, 66
how it is measured, 66
how it warms a room, 65
latent in steam, 127
unit of, 66
what it is, 63
Heating plant for your
home, a, 63
Heating plants, 67
cheap old stove, 67
electric, 73
fan for hot air system,
68
fireplace, the, 66
gas, 73
hot air furnace, 67
hot water system, 69
kinds of, 66
noise in steam pipes, 78
radiators, 74
register for hot air, 67
steam, 70
steam gauge for, 72
to find size of, 73

Heating surface of a
steam boiler, how to
figure, 130

Heating and ventilating,
66

How to build with concrete,
40
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How to build a refrigera-
tor, 164
How a carburetor is made,
141
How a carburetor works,
141
How cold is produced, 158
How a current is set up in
a wire, 170
How a dynamo generates
current, 171
How a dynamo is made,
169
How a dynamo is wound,
172
How to figure,
amperes, 168
capacity of a water tank,
54
heating surface of a
steam boiler, 130
horse power, boiler, of a,
129
internal combustion
engines, of, 146
steam engine, of a, 130
ohms, 168
size of a belt needed, 80
volts, 168
How to find,
the amount of water de-
livered by a ram,
110 ’
area,
circle, 185

How to find,
area,
ellipse, 185
parallelogram, 186
sector of a circle, 185
solid part of a ring,
185
trapezium, 186
trapezoid, 186
triangle, 185
circumference of a cir-
cle, 185
diameter of a circle,
185
electrical horse power,
178
height of buildings, etc.,
98
horse power
needed to drive a ma-
chine, 91
water wheel, 109
length and pitch of raft-

ers, 12

number of watts gener-
ated, 178

power of a hot air en-
gine, 145

radius of a circle, 185
size of,
gears, 86
heating plants, 78
pulley, 79 -
speed of a shaft, pulley
of flywheel, 77

195



INDEX

How to find,
surface speed, 78
volume of a cylinder,
186

volume of a sphere, 186
How a fiywheel acts, 128
How a force pump is

made, 58

How to freeze mercury,
159

How a gas engine works,
139

How a gasoline engine
works, 141

How to get good ventila-
tion, 78

How the governor of a

steam engine acts,
128
How heat is measured, 66
How heat warms a room,
65
a hot air furnace
works, 67
a hot air engine is
made and works, 132

How

How

How a hydraulic ram is
made, 106

How a hydraulic ram
works, 106

How a jet water wheel
works, 101

How to lace a belt, 81
How to lay out,
octagon or 8-square, 9

How to lay out, right
angles, 7

How to learn the triangu-
lar scale, 2

How a lift pump is made,
57

How to liquefy gases, 159

How machines are made

and used, 75

How to make a cement belt
splice, 81

How to make a friction
drive, 152

How to make a frost box,
60

How to make a still,
49 N

How to make stucco mor-
tar, 40

How to measure the head
of water of your sup-
ply, 109

How to mix concrete, 42

How an oil engine works,
142

How to place concrete,

43

Portland cement is

made, 41

How Portland cement is
tested, 41

How to prevent water pipes
from freezing, 60

How to purify water, 47

How to put on stucco, 39

How
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How to read,
micrometer, 16
ten-thousandths microm-
eter, 19
vernier caliper, 15
How to reduce friction,
8T
How a safety valve is
made, 121
How a safety valve works,
121
How to splice a belt, 81
How to start an oil engine,
144
How a steam boiler is
made, 114
How a steam engine is
made, 122
How a steam engine works,
126
a steam gauge acts,
113
a steam gauge is
made, 119
steam is measured,
113
a steam whistle is
made and works, 121
a storage battery is
made, 125
to tell good lumber,
28
How to test sand, 41
How to thaw a frozen water
pipe, 61

How
How
How
How
How

How

How to transmit power,
149
How to use,

an automobile as a power
plant, 153

carpenter’s rule, 2

dynamo, 151

hot air engine, 134

hot air power, 151

lubricants, 89

metal belt lacing, 82

oil and gasoline power,
151

planimeter, 23

protractor, 23

steam power, 150

storage battery, 175

stucco, 38

triangular scale, 4

vernier, 15

water power, 149

wind power, 148

How a water gauge is
made, 117

How a water turbine is
made, 103

How a water turbine
works, 102

How water wheels work,.
100

House, when you build
your, 25

Hydraulic ram, 105
how it is made, 106
how it works, 106
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Hydraulic ram, to find the
amount of water de-
livered by a, 110

Hydraulic rams,

capacity of, 107
sizes of, 107

Tce harvesting, cost of, 165
Ice machines, 164
cork for insulating brine
mains for, 164
insulating brine mains
for, 163
also Refrigerating
machines
Ice making, 165
cost of, 165
facts about, 164
machine for the home,
157
machines, 159
brine tanks of, 163
Igniter,
electric spark, 138
hot tube, 137
Igniters for gas engine,
187
Inclined plane, the, 75, 76
Insulating brine mains, 163
Insulators, petticoat, 180
Internal combustion en-
gine,
see Qas engine
see Gasoline engine
see 0il engine

8see

Internal gears, 83
Iron pipe,
for plumbing, 61
sizes for plumbing, ta-
ble of, 62

Jet water wheel, 100

Kinds of,
steam boilers, 114
steam engines, 123
Kinetic heat in steam,
113

Lace a belt, how to, 81

Lacing, metal belt, 82

Latent heat in steam, 113-
127

Lath, ribbed metal, 38

Laying brick, 85

Laying out,

octagon or 8-square, 9
right angles, 7

Length of rafters, 12

Level, upright, 20

Lever, the, 75, 76

Lift pump is made, how
the, 57

Lighting the home with
a storage battery,
177

Lime for mortar, 34

Liquefaction of sulphur di-
oxide gas, 161

Liquefying gases, 159

19%



INDEX

Locomotive steam boilers,
114, 118
Lubricants,
flash point of, 90
how to use, 89
kinds of, 89
specific gravity of, 90
Lumber, 26
how to tell, 28
see Seasoning
using to the best advan-
tage, 29

Machine,
how to find horse power
needed to drive a, 91
ice making, 157
Machines, how made and
used, 75
Machinery, windmills for
running, 97
Machinists’ scale, 2
Magnetic lines of force,
171
Magneto-electric spark ig-
niter, 139
Making the steam engine
work for you, 112
Mason’s level, 20
Materials, kinds of build-
ing, 26
Measure,
brace table, 10
Essex board table, 11
Roe tape, 7

Measures, steel tape, 6
Measuring,
brickwork, 36
heat, 66
horse power with a dy-
namometer, 91
rules and tools, 1
stonework, 38
Mechanical movements, 75,
76
inclined plane
lever
pulley
screw
wedge
wheel and axle
Mechanical powers, 75
Mercury, how to freeze it,
159
Metal belt lacing, 82
Metal lath for stucco work,
38
Micrometer,
caliper, 16
how to read a, 16
reading to ten-thou-
sandths, 19
Miter gears, 83, 84
Mixing,
concrete, 42
valve for oil engine, 143
Mixtures of concrete, 42
Mortar,
brickwork, for, 33
lime for, 34
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Mortar,
sand for, 84
stonework, for, 87
Motor car, how to use as a
power plant, 152

National Board of Fire Un-
derwriters, 146-181

National electric code, 181

Needle nozzle for water
wheel, 101

Octagon or 8-square, lay-

ing out an, 9
Obm, unit of resistance,
168
Oil engine,
economy of operation,
145

fuel reservoir for, 143
how to start am, 144
mixing valve for, 143
throttling governor for,
144
Oil engines,
how to find horse power
of, 145
how they work, 142
Oil power, how to use, 151
Overshot water wheel, 100

Packing for stuffing box-
es, 129

Parallelogram, to find area
of, 186

Pasteur water filter, 48

Pattern maker’s shrinkage
rule, 8

Pelton water wheel, 101

Penstock for water wheel,
103

Phosphor-bronze  bearing
metal, 88

Piling for buildings, 26

Pipes from freezing, how to
prevent water, 60

Pitch of rafters, 12

Pitches, table of common,
13

Placing concrete, 43

Plain gears, 83

Planimeter, the, 23

Plaster for walls, 34

Plastering for buildings, 26
Plumb, the, 20

Plumb glass, 20
Plumbing,

a word on, 61
iron pipe for, 61
red lead for joints, 61
table of iron pipe sizes
for, 62
Pneumatic water
system, 51
Portland cement,
Atlas, 45
concrete, for, 45
made, is how, 41
stucco, for, 88
tested, is how, 41

supply
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Potential, or latent heat in
steam, 113
Power,
how to use hot air, 151
how to use wind, 148
source of all useful, 94
water, 99 :
wind, 94
Power of engines, 145
gas
gasoline
hot air
oil
Power of a hot air engine,
145
Power plant,
how to use an automo-
bile as a, 152
parts of an electric, 169
steam, the, 112
Power plants compared,
cost of operation of,
112
Power transmission, fric-
tion drive, 152
Preserve wood, how to,
32
Prevent water pipes from
freezing, how to, 60
Prony brake for measur-
ing horse power, 91
Protractor, the, 20
Pulley, the, 76
how to find the size of,
79

Pulleys, split, 154
Pump,
action of,
centrifugal, 60
force, 58
lift pumps, 59
automatic air or auto-
pneumatic, 56

is made,
how a centrifugal, 59
how a lift, 67
how the force, 58
Pumps, kinds of water,
58

Pumps and pumping, 57

Radiators for heating
plants, 70, 72, 74
Radius of a circle, to find,
185
Rafter framing table, 12
Rafters,
buildings, for, 30
length, rise and pitch of,
12
Ram, see Hydraulic ram
Ratchet, :
racks and pinions, 85
wheels, 85
Rating of storage batter-
ies, 177
Refrigerators,
159
Refrigerating machines,
ammonia, 159

kinds of,
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Refrigerating machines,
sulphur dioxide, 160
see also Ice machines
Refrigerator, how to build
a, 164
Registers for hot air heat-
ing plants, 67
Relation between -current,
pressure and resist-
ance, 168
Resistance,
box, 168
ohm, and the, 168
relation between pres-

sure, current and,
168

Right angles, how to lay
out, 7

Ring, to find the area of
solid part of a ring,
185
Rise of rafters, 112
Roe tape measure, 7
Roller bearings, 88
Rolling friction, 87
Roofing materials, 26
Rope,
drive transmission, 149
transmission, blue book
of, 150
Rule,
carpenter’s boxwood, 1
pattern makers’ shrink-
age, 3
triangular boxwood, 2

Rules,
electric wiring, for, 181
flexible, 3
installing and using in-
ternal  combustion
engines, for, 146
measuring, for, 1
useful arithmetical, 185
Rules and tables, useful, 183

Sand,
how to test, 41
mortar, for, 34
Safety valve, how it is
made and works, 121

Scale,
architects’ and machin-
iste’, 2
how to learn the trian-
gular, 2
how to use the triangu-
lar, 4
Scales compared, thermom-
eter, 64

Scoteh glass for tubes for
water gauge, 117
Screw, the, 76
Seasoning,
hot air, 28
natural, 28
wood, 27
Sensible heat in steam,
113
Septic tank sewage system,
62
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Sewage,
septic tank system, 62
word on, a, 61
Shingle nails, table of, 184
Shingles,
roofs, for, 81
table of number and
weight, 183
Shrinkage rule,
makerg’, 5
Sills for buildings, 30
Sizes of,
engines, 145
gas
gasoline
hot air
oil
steam boilers, 122
Sliding friction, 87
Speed,
indicator, 77-131
shaft, pulley or flywheel,
how to find the, 77
surface or peripheral, 78
Specific gravity of lubri-
cants, 90
Sphere, to find the volume
of a, 186
Splice a belt, how to, 81
Splice, cement belt, 81
Split pulleys, 154
Spoked gears, 83
Sprocket wheels, 85
Spur gears, 83
Square, carpenter’s steel, 7

pattern

Starrett vernier caliper, 13
Steam, energy of, 112
great prime power, 112
how it is measured, 113
kinetic, or sensible, heat
in, 113
latent heat in, 127
pipes, noise in, 73
potential or latent heat
in, 113
whistle, 121
Steam boiler,
fittings of a, 114
globe valve
safety valve
steam delivery pipe
steam gauge
steam gauge cocks
steam whistle
water gauge
water pump
heating surface of, 130
how to find heating sur-
face of a, 130
how to find the horse
power of a, 129
how it is made, 114
return tubular, 114-115
safety valve for, 121
water for gauge, 116
water intake pipe for,
116
what boiler horse power
is, 129
whistle for, 121
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Steam boilers,
horizontal tubular, 114
kinds of, 114
locomotive, 114
sizes of, 122
upright tubular, 114
Steam engine,
how to figure horse power
of a, 130
how a flywheel acts on
a, 128
how a governor acts, 128
how it is made, 122
how it works, 126

packing for stuffing
boxes, 129
parts of, 123
Steam engines, kinds of, 123

Steam gauge, 72, 113
Bourdon, 119
Steam gauge,
how it acts, 113
how it is made, 119
Steam heating plants, 70
Steam power, how to use,
150
Steam power plant, the, 112
Steam pressure is, what,
113
Steel square, carpenter’s, 7
Still, how to make a, 49
Stone and stonework, 37
Stonework,
measuring, 38
mortar for, 37

Storage battery,
ampere hour defined, 177
cell,
electromotive force of
a, 177
voltage of, 177
current it will deliver,
177
electrolyte for a, 175
element for, 175
how it is made, 175
: lighting the home, for,
177
parts of a, 176
rating of, 177
Stove, cheap old, 67
Stucco,
how to put it on, 39
mortar for, 38
ways of using, 38

Stucco mortar, how teo
make, 40
Stucco work, tools needed
for, 39
Studding for buildings, 30
Stuffing boxes, packing
for, 129
Sulphur dioxide,
gas, 159
refrigerating machines,
160
Superficial foot in brick-
work, 36
Surface speed, how to find
’ the, 78
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Switch, double throw, 177 | Tailrace of a water power

anti-friction alloys, 88

average weights and vol-
umes of fuels, 187

brace measure, 10

Essex board measure, 11

number and weight of
shingles, 183

rafter framing, 12

relative costs of woods,
32

Tables and rules, useful,

183

Table of size,

iron pipe for plumbing,
62

Switchboard, 177 plant, 104
ammeter Tail water, 104
automatic cut-out Tank,
double throw switch how to figure capacity of
fuses a, 54
home electric plants, for size of water, 54
parts of a Tape measure, Roe, 7
voltmeter Tape measures, steel, 6

Temperature,

Table, absolute zero, 157

amount of water that can boiling point, 65
be raised, 183 defined, 65

freezing point, 65

human body, of, 157

low, 157

maximum and minimum
points, 65

normal, 157

standard of low, 157

what it means, 64

Testing and comparing,

gauges for, 20

Thawing a frozen water

pipe, 61

Thermometer scale,

centigrade, 64
Fahrenheit, 64

length and number of | Thermometer scales com-

shingle nails to the pared, 64

pound, 184 Throttling governor for oil
Table of wall thickness, engine, 144

36 Timber, 26

bricks thick and
bricks per superficial foot
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Tools,
measuring, for, 1
needed for stucco work,
39
Toothed wheels, 82-85
gears, 82
Towers for windmills, 99
Trapezium, to find the
area of a, 186
Trapezoid, to find the area
of a, 186
Triangle, to find the area
of a, 185
Transmission line,
aluminum wire for, 180
wire for, 179
Transmission of power, 149
Tree,
cross section of a, 27
how it is formed, 27
when it is felled, 26
Triangular boxwood rule, 2
Trim for buildings, 26

Undershot water wheel, 100
Unit of,

electric power, 173

of heat, 66
Upright steam boilers, 114
Useful arithmetical rules,

185

Useful rules and tables, 183

Variable resistance, 177
Ventilating and heat, 66

Ventilation, how to get
good, 73
Vernier, the, 14
caliper, 15
how to read and use it,
15
Pierre, 14
Volt, unit of electromotive
force, 167
Voltage,
drop in, 180
storage battery and cell,
1
Voltmeter, 168
switchboard, 177
Volume,
cylinder, to find the, of
a, 186
sphere, how to find, of a,
186

Walls,
buildings, for, 26
plaster for, 34
thickness in brickwork,
36
Water,
boiling, purifying, by, 47
centrifugal force of, 102
delivered by a ram, to
find the amount of,
110
distillation,
by, 148
evaporation of, 129

purifying,
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Water,
figuring the weight of, 85
filter, Pasteur, 48
filtration, purifying, by,
47
gauge, 53, 116
glass tube for, 117
head of, 108
effective
net
running
static
surveyed
how to purify, 47
intake pipe for
boiler, 116
means, what head of, 108
water pipe is frozen,
what to do when a,
61
water pipes from freez-
ing, how to prevent,
61
wheel, needle nozzle for,
101
Water power, 99
how to use, 149
is developed, how, 99

steam

what is, 99
Water pump, auto-pneu-
matic or automatic

air, 56

Water pumps, kinds of, 58
Water supply, schemes for
a, 51

Water supplies, kinds of,
% 4
Water supply system,
air pressure or pneu-
matic, 51
automatic air or auto-
pneumatic, 55
gravity, 51
on your place, 46
Water tanks,
how. to figure capacity, 54
needed, size of, 54
Water that can be raised,
table of, 183
Water turbine, 102
efficiency of, 103
how it is made
works, 103
parts of, 104
principle of, 102
Water turbines,
amount of water needed
for, 105
sizes of, 105
Water used by a family,
amount of, 49
Water-wheel,
actual horse power of a,
110
gross horse power of a,
110
how to find the horse
power of a, 109
penstock or flume for a,
103

and
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Water wheels, 100, 101
breast
Jet
kinds of, 99
overshot
Pelton
turbine
undershot
"Water of your supply, how
to measure head of,

109
Watt, unit of electric
power, 173
Watts,
generated, how to figure,
173

horse power, in a, 178
Weatherboards for build-
ings, 31
Webbed gears, 83
Wedge, the, 76
Weight of water, figuring
the, 55
Wheels,
ratchet, 85
sprocket, 85
toothed, 82
Whistle, steam, 121
Wind, the, 94
Windmill, parts of a, 95
Windmills,
height of, 98
horse power of, 97
machinery for, sizes of,

Windmills,
pumping, sizes of, 97
towers for, 99

Windpower,
developed, how, 94
electricity, changin
into, 148

how to use, 148
Wind power, 94
what is, 94
Wind power to work, puw
ting, 94
Winds, height of, 98
Wiring, electric apparatu
in parallel, 181
inside and outside, 180
Wire,
rubber covered, 180
transmission line, for,17
weather-proof, 180
Wood,
building, kinds of, 31
how to preserve, 32
inside work, for, 32
outside work, for, 32
seasoning, 27
Woods,
kinds to use, 32
pounds per foot, 32
relative costs of, 32
where to use certai
kinds of, 31
Worm gears, 85

o7 Zero, absolute, 157
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